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(54) Heat developable image recording material 



(57) A heat developable image recording material 
including a photosensitive silver halide, a reducing 
agent for silver ions, a binder and non- photosensitive 
organic acid silver salt particles on one side of the sur- 
face of a substrate. A content of silver behenate in the 
non-photosensitive organic acid silver salt particles is 
90 mol% to 1 00 mol%, and at least one kind of mercapto 
compound is contained in a surface of the substrate at 
the same side as a layer having the photosensitive silver 
halide. The heat developable image recording material 
includes a compound represented by following the gen- 
eral formula (1), wherein, R 21 , R 22 and R 23 each inde- 
pendently represent a substituted or non-substituted 
alkyl group. When R21.R 22 or R 23 have a substituent, 
the substituent is a halogen atom etc. The non-photo- 
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sensitive organic particles are prepared from organic 
acids including at least behenic acid and erucic acid, 
and a content of the erucic acid is 0.000001 mol% to 0.4 
mol%. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a heat developable photosensitive image recording material (simply referred 
to as a heat developable photosensitive material hereinafter). 

10 Description of the Related Art 

[0002] Reduction of the amount of waste after development and fixing of films for medical diagnostics and photo- 
graphic printing has been strongly demanded in recent years in view of environmental preservation and for saving work 
spaces. Accordingly, technologies related to heat developable photosensitive materials are urgently required for pro- 
viding films for medical diagnosis and photographic printing, by which efficient exposure is possible using a laser image 
setter or laser imager to form clear images with high resolution and sharpness. No liquid chemicals are needed for 
development and fixing when the heat developable photosensitive material is used, making it possible to supply to 
customers a heat development system that is more simple and friendly to the environment. 

[0003] While similar advantages are required for general purpose image forming materials, cold black-tone images 
are particularly preferred as images for use in medical diagnosis considering suitability for easy diagnosis, since a high 
image quality with excellent sharpness and granular properties is necessary for attaining required fine depiction. Al- 
though various hard copy systems taking advantage of pigments and dyes, such as ink-jet printers and electrophoto- 
graphic systems, are commercially available today, none of them are satisfactory as output systems for obtaininq 
medical images. 

[0004] Examples of such heat image forming systems are disclosed in United Stated Patent(USP) Nos. 3,152,904 
and 3,457,075, and described in 'Thermally Processed Silver Systems", imaging Processes and Materials, Neblette 
Vol. 8, ed. by J. Sturge, V Walworth and A. Shepp, Capter 9, p. 279, 1989. Generally speaking, the heat developable 
photosensitive material comprises a photosensitive layer in which a catalytic activity amount of photocatalyst (for ex- 
ample, silver halide), a reducing agent, a silver salt capable of being reduced(for example, an organic silver salt) and 
if necessary, a chromatone controlling agent that controls tone of silver, are dispersed in a binder matrix. The heat 
developable photosensitive material is heated at a high temperature (for example, 80°C) after image exposure, and a 
black silver image is formed by an oxidation-reduction reaction between the silver salt capable of being reduced (func- 
tions as an oxidizing agent) and a reducing agent. The oxidation-reduction reaction is accelerated by a catalytic action 
of latent images of silver halide generated by exposure. Consequently, the black silver image is formed in the exposed 
area. These procedures have been disclosed in many references such as USP No. 2,910,377 and Japanese Patent 
Application Publication (JP-B) No. 43-4924, and a medical image forming system named as Fuji Medical Dry Imager 
FM-DPL using the heat developable photosensitive material is sold. 

[0005] As a characteristic of photosensitive silver halide, is featured in that, it is necessary to increase the number 
of the silver halide particles in order to increase the maximum density although silver halide serves as a initiation point 
in the heat development process. Accordingly, although it is necessary to reduce the size of the silver halide particle 
and increase the number of particles while compensating its sensitivity by applying chemical sensitization, it was a 
problem that preservative property of row photosensitive materials are deteriorated and sensitivity decreases durinq 
preservation. 

[0006] Since organic silver halides or the like in the heat developable photosensitive material using the organic silver 
salt are not fixed, the organic silver salt has a potential to develop silver images even after forming the silver image by 
light/heat. Such excess images do not naturally appear under a usual condition of use. However, when the preservation 
conditions are very severe for the heat developable photosensitive material, for example when processed films are 
placed in a vehicle for transportation or the like in summer, troubles such as color changes throughout the film or 
transfer of characters printed on a bag as a container of the film onto the film may occur. 

[0007] Furthermore, while increasing the content of silver behenate is described in Japanese Patent Application 
Laid-Open (JP-A) No. 11-271 920, the preservative property of the images are desired to be further improved consid- 
ering the shape of the particles described in the patent publication. 

[0008] The method for producing the heat image forming system taking advantage of the organic silver salt include 
a method for applying a solution containing the organic silver salt, and a method for applying an application fluid 
containing an the organic silver salt and an aqueous dispersion of polymer fine particles as a main binder followed by 
drying. The production facilities become simple in the latter method since no step of solvent recovery or the like is 
required, and therefore the method is advantageous for mass-production. 

[0009] However, the commercially available heat developable photosensitive materials involve the problem in the 
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image preserving property that causes fogging by light and heat after development. Accordingly, the photosensitive 
materials are required be improved since they should be carefully handled not to be exposed to light and heat for a 
long period of time. 

5 SUMMARY OF THE INVENTION 

[0010] Accordingly, an object of the present invention for solving the foregoing problems is to provide a heat devel- 
opable image recording material having a high sensitivity and maximum density while being excellent in preservative 
property of raw materials. 

io [001 1] Another object of the invention is to provide a heat developable photosensitive material having a low minimum 
density (D^) and being excellent in preservative property of images. 

[0012] A further different object of the invention is to provide a heat developable photosensitive material that has 
small increment of fogging by light and heat after development, and does not require careful handling against light and 
heat,:or that is excellent in the image preservation property. 
is [0013] The invention for achieving the above objects will be explained as follows. 
[0014] In a first aspect, the invention is as follows. 

1) A heat developable image recording material comprising a photosensitive silver halide, a reducing agent for 
silver ions, a binder and non-photosensitive organic silver salt particles on one side of the surface of a substrate, 

20 wherein the content of silver behenate in the non photosensitive organic silver salt particles is 90 mol% to 100 

mol% , and at least one kind of mercapto compounds is contained in a surface of the substrate at the same side 
as a layer having photosensitive silver halide. 

2) A heat developable image recording material, wherein at least one kind of the mercapto compounds may be 
contained in the layer containing the photosensitive silver halide. 

25 3) A heat developable image recording material, wherein the mercapto compound is represented by the following 

general formula (1 ): k 



N-N 




40 

(in the general formula (1), R represents a hydrogen atom, an alkyl group, an aralkyl group, an alkoxy group, an 
alkyl or aryl substituted amino group, an amide group, a sulfonamide group, an ureide group, an urethane group, 
an aryloxy group, a sulfamoyl group, a carbamoyl group, an aryl group, an alkylthio group, an arylthio group, a 
hydroxyl group, an alkylcarbonyl group, a halogen atom, a cyano group or a phosphoramide group). 
45 4) a heat developable image recording material, wherein the content of silver behenate in the non-photosensitive 

organic silver salt particles is 94 mol% to 1 00 mol%. 

5) A heat developable image recording material, wherein the content of silver behenate in the non-photosensitive 
organic silver salt particles is 96 mol% to 1 00 mol%. 

6) A heat developable image recording material, wherein the content of silver stearate in the non-photosensitive 
so organic silver salt particles is 1 mol% or less. 

7) A heat developable image recording material, wherein the content of silver arachidinate in the non-photosensitive 
organic silver salt particles is 6 mol% or less. 

8) A heat developable image recording material, wherein the reducing agent for the silver ions is represented by 
the following general formula (2): 

55 
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Riband SKJSSifS R " ^' represent an alky, group with a carbon number of 1 to 20; 
. and R ,nd8 Pendently represent a hydrogen atom or a substituent capable of substituting to a benzene rina 1 

of7r 2 r; n ^^^^ 

benzene ring) independently represent a hydrogen atom or a substituent capable of substituting to a 

nLn n h r tH t K deV i° Pable reCOrd '' n9 material> Wherein the "on-Photosensitive organic silver salt particles are 

St^ 

dei'Xirirt^ 

[0015] In a second aspect, the invention is as follows. 

11) A heat developable photosensitive material comprising at least one kind of photosensitive silver halide a 
uSofT^ t° r f ,W6 l i0nS ' 3 bindGr 8nd "^-photosensitive organic silver salt particles on one sid 2 the 
90 mo^ to 1 SltrhT T ° f SilVer b6henate " the "--Photosensitive organic silver sa.t parte les 

orn^uTa 3V Photosensmve matenal comprising a compound represented by the following general 



R 22 
R 2t -^-R 23 
O 

(in the general formula (3), R» R22 and each independently represent a substituted or non-substituted alky. 

a nd S E!' 9r r P ' ary, ° Xy 9r0UP ' amin ° 9r0UP ° r heter0C y cliC ^ *• substituent when £ fS 

orouo^n subst ' tu «ni compnses a halogen atom, an alkyl group, an aryl group, an alkoxy group, an amino 

a ' Tn 7 9 ^ UP, , an aC/,OXy 9r ° UP ' a " alkylthi ° gr ° Up ' a " a ^" hi0 9 rou P' a s^onamide group an acyloxy 
9r0 h Up " 3 Carbam °y | 9 rou P- a sul ^oyl group, a sulfonyl group or a phosphoryl group) 

olni 1 ,t P t , Ph0, °f 6nSitiVe mat6rial ' Wherei " the COntent 0f silver stearate in the non-photosens tive 
organic silver salt particles is 1 mol% or less. 

I?l A ni heat K deVel ?, Pable pnotosensitive material, wherein the content of silver arachidate in the non-photosensitive 
organic silver salt particles is 6 mol% or less. f»'«i««»nBiuve 

IS 1 h!S deVe ! 0pa ^' e Ph° tose nsitive material, wherein the content of silver behenate is 95 mol% to 100 mol% 
6 A h!f t Z ? P ^ ph K 0t ° Sensitive material ' wherein ^ content of silver behenate is 97 mol% to 100 mol%. 

16) A heat developable photosensitive material, wherein the non-photosensitive organic silver salt particles are 
prepared at a reaction temperature of 60°C or less. pamcies are 

17) A heat developable photosensitive material, wherein the non-photosensitive organic acid silver salt particles 
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are prepared by adding a silver nitrate solution, and a solution of an organic acid alkali metal salt or suspension 
thereof into a sealed mixing vessel. 

18) A heat developable photosensitive material, wherein the non-photosensitive organic silver salt particles are 
desalted by an ultra -filtration method. 

5 

[0016] In a third aspect, the invention is as follows. 

1 9) A heat developable photosensitive material comprising photosensitive silver halide, a reducing agent for silver 
ions, a binder and non-photosensitive organic silver salt particles on one side of the surface of a substrate, wherein 

10 the non-photosensitive organic silver salt particles are prepared from organic acids containing at least behenic 

acid and erucic acid, and the content of the erucic acid is 0.000001 mol% to 0.4 mol% relative to behenic acid. 

20) A heat developable photosensitive material, wherein the content of the erucic acid is 0.00001 mol% to 0.1 
mol% relative to behenic acid. 

21 ) A heat developable photosensitive material, wherein the content of the behenic acid is 50 mol% to 99.99 mol% 
15 relative to the organic acids. 

22) A heat developable photosensitive material, wherein the content of the behenic acid is 90 mol% to 99.99 mol% 
relative to the organic acids. 

23) A heat developable photosensitive material, wherein the content of the behenic acid is 95 mol% to 99.99 mol% 
relative to the organic acids. 

20 24) A heat developable photosensitive material, wherein the amount of silver contained in the heat developable 

photosensitive material is 0.1 g/m 2 to 5.0 g/m 2 as measured on the basis of an amount of silver atoms. 

BRIEF DESCRIPTION OF THE DRAWING 

25 [0017] Fig. 1 shows one embodiment of an apparatus for producing non-photosensitive organic silver halide.to be 
used in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 [0018] A heat developable image recording material according to a first aspect of the invention will be described in 
detail hereinafter. 

[001 9] The heat developable image recording material of the invention comprises at least one of photosensitive silver 
halide, a reducing agent for silver ions, a binder and non-photosensitive organic silver salt particles on one side of the 
surface of a substrate. The content of silver behenate in the non-photosensitive organic silver salt particles is 90 mol% 
35 to 1 00 moi%, and at least one kind of mercapto compounds is contained in a surface of the substrate at the same side 
as a layer having the photosensitive silver halide. 

[0020] The non-photosensitive organic silver salt and non-photosensitive organic silver salt particles to be used in 
the invention will be described hereinafter. 

[0021] Although the non -photosensitive organic silver salt (may be simply referred to as "organic silver salt" herein- 
40 after) used in the invention is relatively stable to light, silver images are formed by heating at 80°C or more in the 
presence of an exposed photo-catalyst (an latent image of photosensitive silver halide or the like) and a reducing agent. 
The organic silver salt may be arbitrary organic substance containing a source capable of reducing silver ions. These 
non-photosensitive organic silver salts are described in JP-A Nos. 06-130543, 08-314078 and 09-127643, paragraph 
Nos. 0048 to 0049 in JP-A No. 1 0-62899, JP-A Nos. 1 0-94074 and 1 0-94075, L24/P1 8 to L37/p24 in EP No. 080376A1 , 
45 EP Nos. 096281 2A1 and 1 004930A2, JP-A Nos. 1 1 -349591 , 2000-7683, 2000-7271 1 , 2000-1 1 2057 and 2000-1 55383. 
[0022] The particularly preferable organic silver salts in the invention are silver salts of long chain aliphatic carboxylic 
acids (with a carbon number of 10 to 30, preferably 15 to 28). Examples of the preferable organic silver salts include 
silver behenate, silver arachidate, silver stearate and a mixture thereof. In the invention, the content of silver behenate 
is 90 mol% or more, preferably 94 mol% or more and particularly 96 mol% or more for obtaining a silver salt of an 
so organic acid excellent in preservative property of raw materials. 

[0023] The content of silver stearate is preferably 1 mol% or less because this content permits a silver salt with an 
excellent preservative property to be obtained. The content is preferably 0.5 mol% or less , and particularly with sub- 
stantially no content of the silver salt. 

[0024] The content of silver arachidate is preferably 6 mol%, and more preferably 3 mol% or less in order to obtain 
55 a silver salt of an organic acid having an excellent preservative property 

[0025] The shape of the organic silver salt to be used in the invention preferably has an aspect ratio of 1 to 9 in order 

to prevent the particles from being broken to consequently attain a good preservative property of images. 

[0026] Lepidoblastic organic silver salts, and the aspect ratio thereof are defined as follows in the invention. The 
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x = b/a 

and 

y = c/b 



S Rn e rZl 6 ° f 3 Pr t Pa ; ati0n meth ° d f ° r addin9 int ° Sealed mixin 9 means is Ascribed below. 

th ^ , an . emb ° d,rnent ° f an 3pparatUS ,or m «"^act U ring non-photosensitive organic silver sa.t to be 
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controlling the pH value. The kinds of the acid or alkali are not particularly restricted. 

[0037] The organic silver salt of the invention may be ripened by increasing the reaction temperate after completing 
addition of the silver ion containing solution (for example, aqueous silver nitrate solution) and/or organic acid alkali 
metal salt solution. The ripening temperature in the invention can be considered to be different from the reaction tem- 

5 perature as hitherto described. Silver nitrate and organic acid alkali metal salt solution or suspension are should be 
never added during ripening. The ripening temperature is preferably by 1°C to 20°C, and more preferably by 1°C to 
10°C, higher than the reaction temperature. The ripening time is preferably determined by try-and-error. 
[0038] The solution of the organic acid alkali metal salt may be discretely added in 2 to 6 steps for preparing the 
organic silver salts of the invention . The particles may discretely added for endowing the particles with various functions 

10 such.as improving photographic performance and modifying surface hydrophilicity. The number of discrete addition of 
the particles is preferably 2 to 4. Since the organic acid salts may be solidified unless the temperature is high, a plurality 
of addition lines for division should be provided, or the circulation method should be devised for discrete addition. 
[0039] Preferably, 0.5 mol% to 30 mol%, and more preferably 3 mol% to 20 mol% , of the total moles of the organic 
acid alkali metal salt solution is independently added after completing the addition of the silver ion containing solution 

15 for preparing the organic silver salt of the invention. This amount of addition is preferably applied as one time of addition 
of the discrete addition. While the solution may be added in the sealed mixing device or in the reaction vessel, it is 
preferable to add in the reaction vessel. Adding as described above enables surface hydrophilicity to be increased, 
thereby improving film forming ability of the photosensitive material and decreasing the incidence of peeling of the film. 
[0040] The silver ion concentration of the silver ion containing solution (for example, aqueous silver nitrate solution) 

20 to be used in the invention in mole is preferably 0.03 mole/L to 6.5 mole/L, and more preferably 0.1 mole/L to 5 mole/L. 
[0041] It is preferable, in order to form the organic acid particles in the invention, that an enough amount of an organic 
solvent for forming a substantially clear solution, not as strands or micelles of the organic acid alkali metal salt, is 
contained in at least one of the silver ion containing solution, organic acid alkali metal salt solution or dispersion, or a 
solution previously prepared as a reaction medium. While the organic solvent may be used alone, it may be a mixed 

25 solution with water. l & 

[0042] While the organic solvent is not particularly restricted so long as it is soluble in water while having the properties 
as described above, solvents than hinder photographic performance are not preferable. The solvent is preferably al- 
cohols and acetone that can be mixed with water, and tertiary alcohols with a carbon number of 4 to 6 are- more 
preferable. -2* 

30 [0043] Practically preferable examples of the alkali metals for the organic acid alkali metal salts to be use in the 
invention include Na and K. The organic acid alkali metal salt can be prepared by adding NaOH or KOH in an organic 
acid.it is preferable to allow unreacted organic acid to remain by adding an amount of alkali not more than the molar 
equivalence of the organic acid. The amount of the remaining organic acid relative to the amount of the total organic 
acid is 3 mol% to 50 mol%, and preferably 3 mol% to 30 mol%. The residual organic acid may be prepared by neutralizing 

35 an excess amount of alkali by adding an acid such as nitric acid or sulfuric acid, after adding an alkali in an amount 
not smaller than the desired quantity. 

[0044] For example, compounds represented by the general formula (1) in JP-A No. 62-65035, N- heterocyclic com- 
pounds containing hydrophilic groups as described in JP-A No. 62-150240, inorganic peroxides as described in JP-A 
No. 50-101019, sulfur compounds as described in JP-A 51-78319, and disulfide compounds and hydrogen peroxide 

40 as described in JP-A No. 57-643 may be added in the silver ion containing solution and organic acid alkali metal salt 
solution to be used in the invention, or in the sealed mixing means in which both solutions are added. 
[0045] The organic acid alkali metal salt solution to be used in the invention preferably contains 3% by volume to 
70% by volume , and more preferably 5% by volume to 50% by volume , of an organic solvent relative to the volume 
of water. Since the optimum solvent volume changes depending on the reaction temperature, an optimum amount 

45 should be determined by trial-and error. 

[0046] The concentration of the organic acid alkali metal salt to be used in the invention is 5% by mass to 50% by 
mass , preferably 7% by mass to 45% by mass , and more preferably 10% by mass to 40% by mass in mass ratio. 
[0047] The temperature of the aqueous tertiary alcohol solution of the organic acid alkali metal salt added in the 
sealed mixing means or reaction vessel is preferably 50°C to 90°C , more preferably 60°C to 85°C , and most preferably 

so 65°C to 85°C, in order to maintain a temperature required for preventing the organic acid alkali metal salt from crys- 
tallizing or solidifying. The reaction temperature is preferably maintained at a constant temperature selected from the 
temperatures in the range as described above. 

[0048] The rate of precipitation of the organic acid alkali metal salt from an aqueous tertiary alcohol solution by 
quenching a high temperature solution in the sealed mixing means, and the rate for forming the organic silver salt by 
55 a reaction with the silver ion containing solution are preferably controlled to enable preferable crystal habit, crystal size 
and crystal size distribution of the organic silver salt to be obtained. The performance as the heat developable material, 
particularly as the heat development photosensitive material may be also improved by controlling these rates as de- 
scribed above. 
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The solvent may be previously filled in the reaction vessel. While water is preferably used as the solvent to 
be tilted ,n advance, a mixed solvent of water and tertiary alcohol may be also preferably used 

Sm?om a Per !, i0 ^ a f SiStantS0,Uble iP 3n aqUe ° US medium may be added 10 the tertiary alcohol solution 

t2t eTolTjT,T S !! Ver i0 " C ° ntainin9 S °' Uti0n ° r reaCti ° n SO,Ution - Any dfe P ers ^ a ^ants are 

acIoSni J y 6 ,0 d ' SPerSe ,he ° rganiC SilV6r Salt formed ' and exam P |es ° f them are selected in 

accordance wrth the dispersion assistant of the organic silver salt to be described hereinafter 

Srtilf Th t,n9 and deh y dration P rocess j s Preferably applied for preparing the non-photosensitive organic silver 

Fo examSe The TTT " P articu,arly *"* c °™"«°™> ™thods known in the art may be used 

For examp e. the methods available mclude filtration methods known in the art such as centrifugal filtration suction 

Srrr;* 9 WatSr aft6r f0rming f,0cks * COa 9 ulation - Re ™ val °< superna a t afte'en 
p"eferIb.e P in S,* * " th ° meth ° dS Preferab,y USed H ° W6Ver ' dehydration by ""rafiftration I 

SnSLH 0 ^"" 16 ° f desalting "« dehydration may be applied, or plural times of desalting and dehydration may be 
repeated. Water may be contmuously added and removed, ordiscretely added and removed The particles are dSed 
and dehydrated until the conductivity of dehydrated water decreases to preferably about 300 usScm oMes ; more 

TnoTfani^ °° ^ mMt ab0Ut 60 * S/cm " less - While the *™ limLf conduct 

is not particularly prescribed, it is usually about 5 jiS/cm 

fSn .J* 16 U,trafi,trat l° n metnod used ' for exam P |e . for desalting/concentration of a silver halide emulsion may be 
used ,n the mvenfon. Research Disclosure No. 10, p. 208 (1972), No. 13, p. 122 (1975) and No 16 o 351 ,1977^ 
20 may be cited. While differentia, pressure and f.ow rate as crucial operation conditions may be selected "wit ence 

Co M EST C deS ^ ed " Handb °° k f ° r Usi " 9 Membrane P" 275 ' by Ha - hi " o Ohya, SalJVSEZ 

° P T COnd " ,0n Sh ° U,d be f ° Und f ° r su PP ressi "9 coagulation of the particles and fogging for treating 
the desired organic s.lver salt dispersion. While the solvent may be continuously or discretely added fn the method for 

- reTatTS TpSST * * ~— ~hod in wnich »e -Clt 

oSik^f T'Z h ^ W3ter ° r diSti " ed Wat6r iS USSd f ° r the Solvent t0 be supplemented, a pH control agent 
or the like may be added m pure water or directly in the organic silver salt dispersion in order to maintain a desired pH 

30 w fiL™ 6 U ' trafi,tration films such as P' aner «•"■ to be assembled as a module, cylindrical films and hollow fiber 

mduJ nes in, Tr! rC,a n Tn ^ ChemiCa ' ,ndUStry C °' Ltd ' Daicel Chemical "^ries, l*. Toray 

otal S h "„ d N,tt ° D f nk0 Co ' the s P iral ^ and hollow fiber type membranes are preferable considering the 
total membrane area and cleaning performance. 8 

f^mLJ^ fractionated molecu ' ar weight as an index of the threshold if each component that is permeable through 

35 mni^i P ! ' S Prefe [ able one fifth of the mole ^"'ar weight of the polymer dispersing agent used 

t Jf D artil° r .,,! Sa 9 V 1 U,trafiltration membrane of the invention, it is preferable to disperse the solution so that 

ri^lt tk , beCOm6S ab ° Ut ^ f ° ld ° f the V0,Ume wei 9 hted avera 9 e of *e ""a. particle size in advance to the 

described hereinaSr' 0 " mea " S ** ™* "** ** 8 ^ Pr6SSUre horno 9 enize r or micro-flu id izer to be 

40 EiTt;r e h' iqUki ^ Pre ! er ^ ly maintained ,ow until *• d ^ a '«ng Process advances immediately 

cT,2riZ IT. 1 P 5 ' 6CaUSe nUde ' ° f SllVer tend t0 be formed by a shear medium and pressure medium 

t h • , 9 U,d h Sendm9 ° Perati0n and by paSSing tnrou 9 n the ultrafiltration membrane when the organic solvent 

the dillrZ TtH ° rgan,Cacid alkali metal sa * is P e ™ aa ^ into the organic silver salt particles. Consequently 

Mature TStc ScT" TT* " SUbjeCted l ° th6 ultrafiltrat ion operation while maintaining the tern^ . 

perature at 1 to 30°C, and preferably at 5 to 25°C, in the invention 

45 h?afdLvlnlM 0 he h P t refera v 6 f ° r malntainin 9 tne application surface of the heat developable material, in particu.ar, 
heat developable photosens.t,ve material in good state to form the desalted and dehydrated organic silver salt as fine 
dispersion by adding a dispersing agent. 

S!!i a ,t A t" y K meth °H dS k t 1 0Wn a,t 66 emp, ° yed 33 3 meth0d for manufacturing and dispersing the organic 
so t Zml PP M nVn^" Vanti0n - Th6Se meth ° dS are refera nced, for example, in JP-A Nos. 8-234358 and J P-A 
so 10-62899, EP Nos. 0803763A1 and 0962812A1, JP-A Nos. 11-349591, 2000-7683 2000-72711 2000-53682 
^'L^ 7 ',f 000 - 86669 ' 2 ° 00 - 143578 . 2000-178278 and 2000-256254,'jP-ANo^ ^ 11-348228 to 30 T^t' 
innnf 5 L, 11 . 180369 ' 11 " 297964 " 11 " 157838 a " d 11 -202081, Japanese Patent Application Nos 2000 90093 
2000-195621, 2000-191226, 2000-213813, 2000-214155 and 2000-191226 ^000 90093, 

55 S m^nT T m6C ; nani< : ally dis P ersin 9 the organic silver salt into fine particles include using known miniaturi- 
kneaoeT Z I mm vTbS K T - h ° m0geniZer ' hi 9 h s P eed im P act mill, Bambury mixer, homomixer. 

■ tmn mm?nH h h' T, T, ' P ' anetarV ba " at ° mi26r ' Sa " d m "'- beads mi »' colloid ^ mill, roller mill 
ron m.ll and high speed stone mil.) in the presence of a dispersing assistance, thereby capable of dispersing mecr,^ 
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[0062] For obtaining a solid dispersion of the aliphatic acid silver salt with a high S/N ratio, small particle size and 
uniform without coagulation, an even and large force is preferably applied within a range not to damage the organic 
silver salt particles as image forming media with no increase of the temperature. For this purpose, it is preferable to 
employ a dispersion method in which the pressure is reduced after converting the dispersion comprising the organic 

5 silver salt and dispersing solution into a high speed flow. While any solvents that permits the dispersion assistant to 
function are available, the solvent is preferably water, or may contain an organic solvent in a proportion of 20% by 
mass or less. Since the level of fogging increases to remarkably decrease sensitivity when the photosensitive silver 
salt is contained together during dispersion, it is more preferable that the dispersing solution is substantially free from 
the photosensitive silver salt during dispersion. The amount of the photosensitive silver salt in the dispersion solution 

10 to be dispersed is 0.1 mol% or less relative to one mole of the organic silver salt in the solution in the invention, and 
the photosensitive silver salt is preferably not added. 

[0063] The dispersion apparatus for re-dispersion as described above, and technologies thereof are detailed, for 
example, in "Rheology of Dispersion System and Dispersion Technology" pp. 357-403, 1991, by Toshio Kajiuchi and 
Hiroki Usui, Shinzan-sha Publishing Co.; "Progress of Chemical Engineering, Vol. 24" pp184 to 185, 1990, edited by 
15 Tokai Department of The society of Chemical Engineers, Japan, Maki Bookstore Co.: JP-A No. 59-49832, USP No. 
4,533,254, JP-A Nos. 8-137044, 8-238848, 2-261525 and 1-94933. In the fine re-dispersion method in the invention, 
the solution was allowed to pass through fine slender slits provided in the pipe, and the pressure of the dispersion was 
promptly reduced thereafter. 

[0064] With respect to the high-pressure homogenizer, it is generally considered that uniform and efficient dispersion 
20 \ s possible by (a) a shear force generated by allowing dispersing substances to pass through narrow spaces (with an 
width of about 75 to 350 u.m) at a high speed under a high pressure, and (b) liquid-liquid collision in a narrow space 
under a high pressure, or an increased cavitation force generated by pressure drop after collision to an wall without 
changing the impact force generated by the collision. While a Golin homogenizer had been used for this type dispersion 
apparatus before, the solution is converted into a high speed flow in a narrow gap on the cylinder face, and the solution 
25 vigorously collide with the surrounding wall to emulsify and disperse by means of the impact force. Examplesiof the 
liquid-liquid collision apparatus as described above include a Y-shape chamber in the micro-fluidizer, and a spherical 
chamber taking advantage of a spherical check valve as described in JP-A No. 8-103642. Examples of a liquid-wall 
collision apparatus include a Z-type chamber of the micro-fluidizer or the like. The pressure used is usually in the range 
of 100 to 600 kg/cm 2 , and the flow rate is in the range of several meters to 30 m/sec. The high speed portiongpf the 
30 liquid is serrated in order to increase the number of collision. Representative examples of such apparatus include Golin 
homogenizer, micro-fluidizer made by Micro- Fluidex International Co., micro-fluidizer made by Mizuho Industires Co., 
and nanomizer made by Tokushu Kiko Co. Such apparatus is also described in JP-A Nos. 8-238848 and 8-103642, 
and USP No. 4,533,254. 

[0065] The organic silver salt can be dispersed into a desired particle size by adjusting the differential pressure by 

35 pressure drop and the number of treatment. Preferably, the flow rate is 200 to 600 m/sec, and the differential pressure 
during the pressure drop is in the range of 900 to 3000 kg/cm 2 (9 to 30 MPs), and more preferably, the flow rate is 300 
to 600 m/sec, and the differential pressure during the pressure is in the range of 1500 to 3000 kg/cm 2 (15 to 30 MPa) 
from the view point of photographic performance and particle size. The number of dispersion treatment may be selected, 
if necessary. While the selected number of dispersion is usually 1 to 10 times, 1 to 3 times is selected from the view 

40 point of productivity. It is not preferable to heat the dispersion at a high temperature under a high pressure is not 
preferable considering dispersion ability and photographic performance, and a high temperature exceeding 90°C tend 
to increase the particle size besides increasing the degree of fogging. Accordingly, the system is preferably provided 
with a cooling device in the process before converting into a high pressure - high speed flow, or in the process after, 
the pressure drop. The dispersion pressure is preferably maintained in the range of 5 to 90°C : more preferably in the 

45 range of 5 to 80°C, and particularly in the range of 5 to 65°C, by the cooling step. It is particularly effective to provide 
the cooling device when the liquid is dispersed under a high pressure in the range of 1500 to 3000 kg/cm 2 (15 to 30 
MPa). The cooling device available for proper selection include those using a dual or triple pipe static mixer, a> multi- 
pipe heat-exchanger and a coiled heat-exchanger in accordance with the required heat exchange amount. The.diam- 
eter, thickness and material of the pipe may be properly selected considering the pressure used in order to improve 

so the efficiency of heat exchange. The coolant used for the cooling device is well water at 20°C, cooled water at 5 to 
1 0°C after cooling with a refrigerator, and a coolant such as ethyleneglyco l/water at -30°C may be used. 
[0066] Dispersing agents preferably used for forming solid micro-particles of the organic silver halide include synthetic 
anionic polymers such as polyacrylic acid, copolymer of acrylic acid, copolymer of maleic acid, copolymer of maleic 
acid monoester and copolymer of acryloyl methylpropane sulfomnic acid; semi-synthetic anionic polymers such as 

55 carboxymethyl starch and carboxymethyl cellulose; anionic polymers such as alginic acid and pectic acid; anionic 
surfactants described in JP-A No. 52-92716 and WO No. 88/04794; compounds described in Japanese Patent Appli- 
cation No. 7-350753; and anionic, nonionic and cationic surfactants known in the art; as well as polymers known in 
the art such as polyvinyl alcohol, polyvinyl pyrrolidone, carboxymethyl cellulose, hydroxypropyl cellulose and hydrox- 
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15 



ypropylmethyl cellulose; and natural polymers such as gelatin. Solvents preferably used as dlsoersina aopntc inrluri* 

[0067] While the dispersion agent is usually fed into a dispersing device as a slurry by mixing with a oowder of the 
organ.c s.lver salt or a wet cake of the organic silver salt before dispersion the powde oTcake o the 
salt may be prepared by treating the dispersing agent previous.y mixe'd with ihe orga'fc si^er sa^ 

raoeSl T ? ^ T tr °"! d ^ 3n aPPr ° Priate PH COntro ' agent before « d --9 dispe Jon S ° ,Vent 
K2Li J 9amC S ' S3lt my be r0U9hly dis P ersed in a solvent by controlling the pH value without usinq a me- 
chanical d IS pers,on method, and the particles are further miniaturized by changing the pH value mfte presence 7a 

SS5" 0 ; 3SS f A fatty 3Cid S °' Uti0n maV bS US6d f ° r r0U 9 h 'V dispersin 9 * e Parties. P 
[0069] S.nce fogg.ng is increased and sensitivity is decreased by the presence of the photosensitive silver salt «/h*n 

or i « c f , Photosensitive s.lver salt to be dispersed in an aqueous dispersion solution is 0 1 mol% 

added. m °' e ° f ° r9aniC SHVer S3,t thS S0 ' Uti0n ' and the PhotosensJe si.ver salt Z not purpose^ 

« 0 n 0 InLrT, he H PhOtOSenSit r e materia ' Can *" pr ° dUC6d by mixin 9 an a 9 ueous emersion of the organic silver salt and 
sihTsZnf h?' 0 " ° f the P hotosensitive silver «* in the invention. While the mixing ratio between the organic 
ste 2 * n * ph0tOsenstt " e silver salt ™v ^ selected depending on the object, the proportion of me phoVo JSe 
20 Z 1 ° r9an,C S " Ver Sa " iS P referab| y in range of 1 to 30 mol%, more preferably in the ranoe ofa to 20 

to mt 7t T CU ' arly " I'" ran9e ° f 5 10 15 m °' % - " iS Preferab 'y used for controLg P "o ^^Eb^,££ 

^LTofX TSZXZ^JT**" of the organic si,ver - - 2 — °< 

SdZ: a r^ b y t - — ■ * ~ - « * 

™J ?k S de ^ elopable ima 9 e recording material of the invention contains at least one kind of mercaoto com 

P 00731 It B S n T °\ SUbStrate 38 thS ' ayer haVing PH^osensltive silver halide. ' 

SE-lL th 6 T St k,nd ° f merCapt ° com P° und «• contained in the photosensitive layer havinq 

EST S; P !f V USSd merCapt ° COmP ° Und iS presented by the foliowing general formula (1 ) 9 

so Eafte? P ° U rSPreSented bV 9enera ' f0rmU,a (1) t0 be Used in the will be desc bed in detail 



35 



40 



N-N 

% X SH 




[0075] In the general formula (1 ), R represents a hydrogen atom, an alkyl group, an aralkyl group an alkoxv oroun 
an alkyl or ary, substituted amino group, an amide group, a sulfonamide group, an ureide group an urethane ' 
an aryloxy group, a sulfamoy. group, a carbamoyl group, an ary. group, an alkylt io group, a aryEh.o grou > a hvdZi 
sTstiiuTed MCarb ° ny ' 9rOUP> 3 ha, ° 9en at0m ' 3 ^ 9r ° UP ° r 9ro UP \esTZps ^ bJSS 
50 EH™ I" 6 C 7 P0U f nd ^sented by the general formula (1 ) will be described in more detail. 

2 a j Xa 7' 6S ° ,n the 9 eneral fon ™'a (D in°'u°e a hydrogen atom, an alkyl group (such as methyl ethvl 
propyl and cyclohexyl groups), an aralkyl group (such as benzyl group), an alkoxy group (such as methoxTano ethoxv 
groups), an alkyl or aryl substituted amino group (such as dimethy.ammo group), an am.de g7ou P (such aToenMamide 

- ZXnl Z°T: de r° P <SUCh ^ mSthyl SU,f ° namide 9r0Up) ' a " Ureide W * ^'eth^gmu^ ^("ch a^X 

Lch as r h v, ,r ^ ? a "! 9 :° UPS) ' a " 3rylOXy 9r0UP (SUCh aS phenoxy and na P h thoxy groups), a sulfamoyl grcup 

ta^Zr! V t V Ph6nyl SU ' fam0yl grOUpS) ' 3 Carbamoyl 9 rou P ( such as ethyl carbamoyl andThenW car- 

SZStZS?' 30 ^ 9r ° UP (SUCh 35 Ph8nyl and naphthy ' 9rOUpS) ' an alk y ,thio 9 rou P as ni^Si^di 
y.th 10 gorups). an arylth.o group (such as pheny.thio group), a hydroxy! group, an a.kyicarbonyl group, halogen atoni 
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(such as fluorine, chlorine : bromine and iodine), a cyano group and a phosphoramide group. These groups may be 
further substituted, and the substituents include the groups represented by R above. 
[0078] R is preferably a ureide group, and the total carbon number of R is preferably 0 to 20. 
[0079] While examples of the compound represented by the general formula (1 ) (exemplified compounds 1 -1 to 1 -46) 
5 are shown below, the invention is not restricted thereto. 
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1-15 N-N 

" \ 
^N^SH 



1-16 N— N 

" V 



-NHCOCH 2 COOCH 3 




NHCOCH 2 CH=CH 2 



1-17 N-N 



1-18 N-N 

%^SH 




NHCONHCHg 




NHCONH2 



1-19 N-N 1 " 20 N-N 




1 

NHCONHC 2 H 5 ^ ^NHCONHC3H 7 
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N' X 



w "SH 

NHCONHCH3 
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!"23 N-N 1-24 N— N 

^k/NHCONHC3H 7 




NHCONHC 3 H 7 



1-25 N-N 1-26N-N 

n' X 




NHCON 




SH 



l N p ^^NHCONH 




1 

NHCONHC 12 H z5 ^NHCON(CH 3 ) 2 
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1-41 N-N 



6, 



CONHC 8 H 17 



1-42 N-N 

n' X 




SH 



NHS0 2 CH 3 
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[0080] The compound represented by the general formula (1 ) of the Invention may be used by dissolving Into water 
or appropriate solvents such as alcohols (methanol, ethanol, propanol and fluorinated alcohols), ketones (acetone and 
methylethyl ketone), dimethylformamide, dimethylsulfoxide and methyl cellosolve. 

[0081] An emulsified dispersion may be mechanically formed by an emulsifying dispersion method well known in the 
art after dissolving in an oil such as dibutyl phthalate, tricresyl phosphate, glyceryl triacetate or diethyl phthalate, or an 
auxiliary solvent such as ethyl acetate or cyclohexanone. Alternatively, the powder of the compound may be used by 
dispersing in water by a solid dispersion method known in the art using a ball mill or colloid mill, or by ultrasonic 
dispersion. 

[0082] While the mercapto compound of the invention may be added in a layer having the photosensitive silver halide 
(or silver halide emulsion layer) or any other layers of the substrate, it is preferable to add in the silver halide emulsion 
layer or in the layer adjoining thereto. 

[0083] The amount of addition of the mercapto compound of the invention is preferably 1 x10* 4 to5x 10" 1 mole, 
and more preferably 5 x 10" 4 to1 x 1 0" 1 mole relative to one mole of silver halide. 

[0084] The ratio of the mercapto compound of the invention to the non-photosensitive organic silver salt particle is 
preferably 1 :10000 to 1:30,and more preferably 1 :2000 to 1 :100 in mass ratio. 

[0085] The heat developable image recording material of the invention contains a reducing agent for the silver ion 
(referred to as a reducing agent hereinafter. As the silver ion (referred to as a reducing agent hereinafter), any sub- 
stances (preferably organic substances) which are able to reduce the silver ion into metallic silver may be used. These 
reducing agents are described in the paragraph Nos. 0043 to 0045 in JP-A No. 11-65021 end p7/line 34 to p18/line 12 
in EP No. 0803764A1. 

[0086] Reducing agents of hindered phenols or bisphenols are preferable as the reducing agent, and the compounds 
represented by the general formula (2) are more preferable. 
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[0087] In the general formula (2), R 11 and R 11 ' independently represent an alkyl group with a carbon number of 1 to 
20; R 12 and R 12 ' independently represent a hydrogen atom or a substituent capable of substituting to a benzene ring; 
L represents a -S- group or -CHR 13 - group; R 13 represents a hydrogen atom or an alkyl group with a carbon number 
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of 1 to 20; and X and X' independently represent a hydrogen atom or a substituent capable of substituting to a benzene 
ring. 

[0088] The general formula (2) will be described in detail. 

[0089] R11 and R"' independently represent a substituted or non-substituted alkyl group with a carbon number of 1 
to 20. The alkyl group is not particularly restricted, and it is preferably an aryl group, a hydroxy! group, an alkoxy group 
an aryloxy group, an alkylthio group, an arylthio group, an acylamino group, a sulfonamide group, a sulfonyl group a 
phosphoryl group, an acyl group, a carbamoyl group, an ester group and a halogen atom 

[0090] Rii and R"' are preferably secondary or tertiary alkyl groups with a carbon number of 3 to 15, and examples 
of them mclude an isopropyl group, an isobutyl group, a t-butyl group, a t-amyl group, a t-octyl group, a cyclohexyl 
group, a cyclopentyl group, a 1 -methylcyclohexyl group and a 1 -methylcyclopropyl group. More preferably RH and 
R" are tertiary alkyl groups with a carbon number of 4 to 1 2, t-butyl group, t-amyl group and 1 -methylcyclohexyl group 
are more preferable, and t-butyl group is most preferable. 

!nn!I! ol? an ^ 1 ,l eaCh inde P endent| y are hydrogen atoms or substituents capable of substituting to a benzene ring 
[0092 R and Ri* are preferably alkyl groups with a carbon number of 1 to 20, and examples of them include a 
me hyl group, an ethyl group, a propyl group, a butyl group, an isopropyl group, a t-butyl group, a t-amyl group a 
cyclohexyl group a 1 -methylcyclohexyl group, a benzyl group, a methoxymethyl group and a methoxyethyl group. 
Methyl group, ethyl group, propyl group, isopropyl group and t-butyl group are more preferable 
[0093] X and X 1 each independently represent a hydrogen atom or a group capable of substituting to the benzene 
ring. Examples of the preferable group capable of substituting to the benzene ring include an alkyl group, an aryl group 
a halogen atom, an alkoxy group and an acylamino group. 

Somt 1 X X " Pfeferably n y dr °9 en atoms ' hal °9 en atoms and alkyl groups, and more preferably hydrogen 
[0095] L represents a -S- group or -CHR13. grouPi and pre ferably -CHCHR 13 - group. 

[0096] R13 represents a hydrogen atom or an alkyl group with a carbon number of 1 to 20 which may be substituted 
or non-substituted. Examples of the non-substituted alkyl group represented by R« are a methyl group, an ethyl group 

o 9r uT' 3 bUty ' 9r ° UP ' 3 hepty ' 9rOUp ' an undecyl 9 rou P' an ^Propyl group, a 1 -ethylpentyl group and a 

2,4,4-tnmethylpentyl group. The substituent of the alkyl group is the same as the substituent of R", and include a 
halogen atom, an alkoxy group, an alkylthio group, an aryloxy group, an arylthio group, an acylamino group, a sulfon- 
Zo- 6 , ^ 3 SU u°? y ' 9r ° UP ' 3 P h08 P h0r y 9 rou P' an oxycaroonyl group, a carbamoyl group and a sulfamoyl group. 
[0097] R« is a hydrogen atom or an alkyl group wfth a carbon number of 1 to 1 5, and preferable examples of the 
alkyl group include a methyl group, an ethyl group, a propyl group, an isopropyl group and a 2,4,4-trimethylpentyl 
group. The hydrogen atom, methyl group and propyl group are particularly preferable as R 1 3 

[0098] R12 and R«' are preferably an alkyl group with a carbon number of 2 to 5 when R« is a hydrogen atom with 
£ e «™ V S£ Up £° Pyl gr ° Up being more P referable . and the ethyl group being most preferable. 
[0099] R« and R« are preferably methyl groups when R« is a primary or secondary alkyl group with a carbon 
number of 1 to 8. Examples of the primary or secondary alkyl group with a carbon number of 1 to 8 represented by 
R preferably include a methyl group, an ethyl group, a propyl group and an isopropyl group, and the methyl group 
ethyl group and propyl group are more preferable. 

[0100] R13 is preferably a secondary alkyl group when all the R", Rir R« an d Ri* are methyl groups. In this case 
the isopropyl group, isobutyl group and 1 -ethylpentyl group are preferable, and the isopropyl group is more preferable 
as the secondary alkyl group represented by R". w 
[0101] While examples of the reducing agents (exemplified compounds 2-1 to 2-27) to be used in the invention such 
as the compounds represented by the general formula (2) are listed below, the invention is not restricted thereto. . 
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[0102] The amount of addition of the reducing agent in the invention is preferably 0.01 to 5.0 g/m 2 , and more pref- 
erably 0.1 to 3 g/m 2 ; or preferably 5 to 50 mol%, and more preferably 1 0 to 40 mol%, relative to one mole of silver in 
the surface having the image forming layer. 
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SSL In 6 ^T^ 9 T" bS incor P° rated in, ° the ^Plication fluid, or into the heat developable image forming 
™ ' y 0nm SUCh 33 SOluti0n ' in emulsified dispersion and solid micro-dispersion 
° h h IJ e em " te ification and dispersion method known in the art include dissolving using an oil such as dibutyl 
phthalate, tncresy phosphate, glycerol triacetate or fiethyl phthalate. or an auxiliary sclent such as ethyl acetete o 

5 cyclohexanone, followed by mechanically emulsified dispersion. 

[0105] The method for dispersing solid fine particles includes the steps of dispersing the powder of the reducinq 
milt SZ n , appr0pnate S0lvent such as water usi "9 a ba » •"«. colloid mill, vibration ball mill, sand mill, jet mill or roller 
TJiZ V t « T VS f ° r Preparin9 3 S ° lid dis P ersion - A P«*ective colloid (for example, polyviny alcohol) and a 

» SSSS^T!^? 1 S " rfaCtant SUCh 35 triiSOpr ° Py ' "^halene sulfonic acid [a mixture of compounds 

Shit r s " bst,tu t'°n for three isopropy. groups] ) may be used. An antiseptic (for example, sodium ben- 
zoisothiazolinone) may be added in the aqueous dispersion. 

[01 06] Phenol derivatives represented by the formula (A) described in Japanese Patent Application No 11 -73951 
Son US6d 33 deve,0pment Aerator in the heat developable image recording material of the in- 

15 SIS-JUT 8 " a9em ° f thS inVenti0 " haS aromatic ("OH) groups, in particular the reducing agent 

Lhn T! f * " h ° n - red " C c ! ng agent navin 9 a 9™P ca P a °'a of forming a hydrogen bond with the group as described 
tnZJ P T f T f 6 "- EXamPl6S ° f thS 9r0UP that f ° rmS 3 hydr °9 en bond with a ^oxy. fl«H" ' or an amino goup 
urlln 3 n 9 " 9 T' 3 SU ' f0Xide 9r0UP ' 3 SUtf0ny ' grOUp ' 3 Carb0n V an amide group an ester group an 

20 ;?hoTr,hS a " Urelde f 9r °: P ' 3 tertiar y amino 9™P and a nilrogen containing aromatic group. Compounds having 
a phosphoryl group, a sulfox.de group, an amide group (having no >N-H group, and being blocked like >N-Ra (Ra is 

iSS^^ST* el ^ an Ur t ane 9r ° UP (haVin9 00 >N " H gr0UP ' and b6in 9 b, ° cked like > N " Ra ^ « a subst tuent 

Z^jSZEZSZ^ no >N " H 9roup ' and being b,ocked ,ike >N - Ra < Ra is a substitu - «-* h» 

25 general fo^utep 0 "'^ Preferab ' e hydr ° gen b ° nd tormin9 oompound in the invention is represented by the following 
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!S „ 9Gne f f ° mUia (3) ' R21, R22 and R23 each independently represent an alkyl group, an aryl group an 
SLS a " 9r ° UP ' ^ amin ° 9r ° UP ° r 3 het6racyclic 9 rou P- These groups may be non-substituted or 

^LTT^ ° f SUbS f ent when each of R21 - R22 a " d R23 "as a substituent include a halogen atom, an 
alkyl group, an aryl group, an alkoxy group, an amino group, an acyl group, an acylamino group, an alkylthio group, 

T^~:TrT 9 r P> 3n aCy ' 0Xy 9r0UP ' 3n 0XyCarb0ny ' 9r0Up " a carbamoy.gro "p. asulfamoy, grou^ 
a sulfonyl group and a phosphoryl group. Preferable substituents are alkyl groups or aryl groups, and example of them 
.nclude a methyl group, an ethy. group, an isopropyl group, a t-butyl group a t octyl group, a phenyl group a -a S 
yphenyl group and a 4-acyloxyphenyl group. ran. pnenyi group, a 4 aiKox 

nrVl ] JH7l PieS ° f ^ ^ ? r ° UP represented °y R21, r22 and R23 include a methyl group, an ethyl group, a butyl 
group, an octyl group, a dodecyl group, an isopropyl group, a t-butyl group, at-amyl group, a t-octyl group a cyclohexyl 
group a t -methylcyclohexyl group, a benzyl group, a phenethy. group and a 2-phenoxypropy, group * 
[0112] Examples of the aryl group represented by R21, R22 and R23 inolude a h , 

group, a naphthyl group, a 4-t-buty.phenyl group, a 4-t-octylpheny. group, a 4-anisidy. group and a 3.5 dfcZopheny. 



[01 13] Examples of the alkoxy group represented by R*i . R22 and R23 include a methoxy group, an ethoxy group 
a butoxy group, an octyloxy group, a 2-ethylhexyloxy group, a 3,5.5-trimethylhexyloxy group a dodecyloxy group a 
cyclohexyloxy group, a 4-methylcyclohexyloxy group and a benzyloxy group yioxy group, a 

[01 14] Examples of the aryloxy group represented by R81 , R22 and R23 inc |ude a phenoxy group, a cresyloxy group 
an .sopropylphenoxy group, a 4-t-butylphenoxy group, a naphthoxy group and a biphenyloxy group. 
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[01 1 5] Examples of the amino group represented by R 21 r R 22 and R 23 include a dimethylamino group, a diethylamino 
group, a dibutylamino group, a dioctylamino group, a N-methyl-N-hexylamino group, a dicyclohexylamino group, a 
diphenylamino group and a N-methyl-N-phenylamino group. 

[01 16] An alkyl group, an aryl group, an alkoxy group and an aryloxy group are preferable as R 21 , R 22 and R 23 . It is 
s preferable in terms of the effect of the invention that at least one of R 21 , R 22 and R 23 is an alkyl group or an aryl group, 
and it is more preferable that at least two of them are alkyl or aryl groups. Preferably, groups represented by R 21 , R 22 
and R 23 are the same groups for purchasing the reagents with cheap price. 

[01 17] While examples (exemplified compounds 3-1 to 3-1 7) of the compounds capable of forming hydrogen bonds 
such as the compounds represented by the general formula (3) in the invention, the invention is not restricted thereto. 

10 ... 



15 



20 



25 



30 



35 



40 



45 




BNSDCCID: <EP 1306720A2J_> 



EP 1 306 720 A2 



(3-7) (3-8) 




1306720A2_I_> 



24 



BP 1 306 720 A2 



(3-1 5) 



(3-16) 



(3-1 7) 



10 



5 




O 



,N-C 8 H 17 




,N(C 4 H 9 ) 2 



[0118] Examples of the hydrogen bond forming compounds other than those described above are described in EP 
NO. 1096310, and Japanese Patent Application Nos. 2000-270498 and 2000-124796. 

15 [01 1 9] The compound represented by the general formula (3) to be used in the invention may be used in the photo- 
sensitive material by adding in an application fluid in any form such as in solution, in emulsified dispersion and solid 
micro-dispersion as in the case of the reducing agent. The compounds form hydrogen bonding complexes with com- 
pounds having phenolic hydroxyl groups or amino groups, and the complex may be isolated in a crystalline state 
depending on the combination between the reducing agents and the compounds represented by the general formula 

20 (3). For obtaining stable performance, it is particularly preferable to use the crystalline powder isolated as described 
above as a dispersion of solid fine particles. In a different metod preferably used, the reducing agent and the compound 
represented by the general formula (3) are mixed as powders, and the complex is formed when they are dispersed 
with a sand grinder mill using an appropriate dispersing agent. 

[0120] The compound represented by the general formula (3) is preferably used in a range of 1 to 200 mol%, more 
25 preferably in the range of 10 to 150 mol%, and still more preferably in the range of 30 to 100 moi%, relative 1 to the 
reducing agent. 

[0121] The halogen composition of the photosensitive silver halide to be used in the invention is not particularly 
restricted, and silver chloride, silver chlorobromide, silver bromide, silver iodobromide and silver iodochlorobromide 
may be used. Silver bromide and silver iodobromide are preferable among them. Distribution of the halogen composition 

30 in the particles may be uniform, may be discretely changed, or may be continuously changed. Silver halide particles 
having a core-shell structure may be preferably used. Preferably used core-shell structures include double to five-fold 
structures, more preferably double to four-fold structures. Preferably, a technology can be applied in which silver bro- 
mide or silver iodide is localized on the surface of the silver chloride, silver bromide or silver chlorobromide particles. 
[0122] The method available for forming the photosensitive silver halide is well known in the art including those 

35 described in Research Disclosure No. 17029, June 1978 and USP No. 3,700,458. Specifically, the method includes, 
for example, adding a silver donor and halogen donor in gelatin or other polymer solutions to prepare the photosensitive 
silver halide, followed by mixing with the organic silver salt. The method described in the paragraph No. 021 7 to 0224 
in JP-A No. 11-119374, and the methods described in Japanese Patent Application Nos. 11-98708 and 2000-42336 
are also preferable. 

40 [0123] A smaller diameter of the particle size of the photosensitive silver halide particle is preferable in order to 
suppress turbidity after forming images, and it is actually 0.20 u.m or less , more preferably 0.01 u.m to 0.1 5 u.m or less , 
and still more preferably 0.02 ujn to 0.12 u.m. The particle size as used herein refers to as the diameter when the 
particle is converted into a circular image having the same area as the projected area of the silver halide particles (the 
projected area of the major plane in case of a tabular particle). 

45 [01 24] While the shape of the silver halide particles include cubic, octahedral, tabular, spherical, rod-like and potato- 
like shapes, the cubic particles are particularly preferable in the invention. Particles having round comers may be also 
preferably used. While the face index (Miller index) of the outer surface of the photosensitive silver halide particles is 
not particularly restricted, it is preferable that the proportion of the {100} face having a high spectral sensitization 
efficiency when a spectral sensitization dye is adsorbed is high. The proportion is preferably 50% or more, more pref- 

50 erably 65% or more, and still more preferably 80% or more. The proportion of the face having the Miller index of {1 00} 
face can be determined by the method by T. Tani, J. Imaging Sci., 29, 165, 1985 taking advantage of adsorption 
dependency of the {111} face and {100} face in adsorption of a sensitizing dye. 

[01 25] The silver halide particles having adsorbed hexacyano metal complex on the outermost surface is preferable 
in the invention. The hexacyano metal complex available includes [Fe(CN) 6 ] 4 " : [Fe(CN) 6 p-, [Ru(CN) 6 ] 4 ", [Fe(CN) 6 ] 4 ', 
55 [Os(CN) 6 ] 4 -, [Co(CN) 6 ] 3 \ [Rh(CN) 6 ] 3 -, [lr(CN) 6 ] 3 -, [Cr(CN) 6 ] 3 " and [Re(CN) 6 ] 3 \ Hexacyano Fe complex is preferable in 
the invention. 

[0126] Paired cations are not so improtant in the hexacyano metal complex since the complex is ionized in water, 
alkali metal ions such as sodium ion, potassium ion, rubidium ion, cesium ion and lithium ion, ammonium ion, alkylam- 
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ZTZ 'Z (f ° r eXamP 'f ' tetrameth y |a ™°™™ 'on, thetraethylammonium ion, tetrapropylammonium ion and terta 
ImuteTon " ,Um Pref6ra ^ US6d SinCS th6y ^ SUitab ' e f ° r P reci P«««on operation of the silver hate 

nmf !L T , hS h t t XaCyan u, meta ' COmp ' eX may be added by mixin 9 wi,h a mixed S0l ^nt of water and an appropriate 

^s^&ttiz^^ttxr**' x ' o ■ 5mole,o, x m! ™*-"« 

thl hlL P 6 ™"'," 9 thehaxacyano metal complex to exsist on the outermost surface of the silver halide particle 
he hexacyano metal complex is directly added after completing addition of an aqueous solution of si^er nttraS fo be 

senfiSa r" 19 , h 6 Part 'f S> bef ° re COmP ' eting an additi0 " Ste P for a chemical sensitization JpS^SS^i 
™'° n mc,i ; d,n 9 sulfur sensitization, selenium sensitization or tellurium sensitization, or precious metal sensfti 

step. It is preferable to add the hexacyano metal complex as early as possible after forming the particles and mom 

K2T a I* additi0 " StePl in ° rd6r t0 inhibit the si,ver ha « de P artic ' a * Tom growing' P ' ^ 

m»« Li d "° n the , hexac y ano metal complex may be initiated after adding 96% by mass, preferably 98% bv 
rniti', 1 8 m ° re Preferably " % by maSS " ° f t0tal silver nitrate added f ° r ^"^ing the particles * V 

SriinLh h6XaCyan0 metal com P |ex ma V be adsorbed on the outermost surface of the silver halide particles by 
addmg the complex after adding the aqueous si.ver nitrate solution immediately before forming the particles and afmost 
all the complexes form a sparsely soluble salt with the silver ion of the surface of the particte. Since the si^er sa^t o 

8°t! 3 1 2 0 inTn * SilVer haHde PartiC ' e ° f the inVenti ° n may COntain metals or metel complexes in the group 

b HaL IT c (representln9 9rou P 1 to 9™P ' Preferable metals or the central metals of the complex 

belonging to the groups 8 to 10 in the periodic table are rhodium, ruthenium and iridium. These meta complexesmay 
contlnt if f' 6aS K tW ° k,ndS ° f the com P' exes of the same metal or different metals may be used together The 
content ,s preferably ,n the range of 1 x 10-9 t o1 x 10-3 relative to one mole of silver. These heavy metSand meS 

No"? TXopT T°* IT 9 th6re ° f are d6SCribed JP " A N ° 7 " 225449 ' P ara 9-P" Nos TlTto^t JP^ 
No. 11-65021, and paragraph Nos. 0227 to 0240 in JP^ No 11-119374 JKA 

fl!?.!i . Vad0us 1 ki t nds of 9 elatin ma V be contained in the silver halide emulsion to be used in the invention Low mo- 

m °' eC r Wei9ht ° f 500 10 6 °' 000 iS Preferab,y US6d in order 10 maintain gord dispLTon 
mnii,H PP h ? d contammg the organic silver salt of the photosensitive silver halide emulsion While the low 

tma^lt r 9 fT be US6d in thS StSp ° f f0rmin 9 the P artic,es °< in the dispersion step arte desalt, °q 
treatment, rt is preferable to use in the dispersion step after the desalting step oesalt.ng 

Sr^n K enS H iZi l 9 dyS ° f u he inVenti ° n iS 31,16 10 Spectral, y sensiti2e tne s"ver halide particles at a desired wave- 
length region by adsorb.ng on the silver halide particles, and the sensitizing dye fitted to spectral characterfe S of the 

sr 5 9h ^ 

the compounds described in the paragraph Nos. 01 03 to 01 09 in JP-A No. 1 1 -65021 , the compounds representd bv 
he genera, formula (II) in JP-A No. 1 0-1 86572, the dye represented by the genera, formula (0 i Jp5 No U -Tl 9374 
llt V *J, eSC ? £ **r a9raph N °- 0106 in USP No - 5 ' 510 ' 236 and in the ^amp.e 5 in USP No 3 87 887 the 
08037^1 f P " A D N0S ' 2 - 96131 3nd 59 " 48753 ' and those described 36/pl9 to line 35/ P To in ep No 

m au h h i PaneSe Pa,ent A PP' ication Nos - 2000-86865, 2000-1 02560 and 2000-205399. These sensit zinc Tdves 
may be used alone, or in combination of at least two of them. In the invention, the timing for adding the Jens Sng dyS 
m the Sl ,ver hahde emulsion is preferably after the desalting step and before the application step. 5nT™ 
after the desalting step and before the chemical ripening step prereraoiy 
conS^r 1 " 6 a r° U ^° f addm0n ° f the sensitizi "9 d V e in the invention may be controlled in a desired quantity 
Zr Te ZITT* h and ' °" mg P eriormance - » is P^erably 1 0-e to 1 mole, and more preferably 1 0- to 1 C 
per one mole of silver hahde in the photosensitive layer. 

ElfJL ri S " perse " siti f er ma V be used invention for improving the spectral sensitization efficiency The super- 

Inlh 8 ] TH f pn0tosensitive silver h a'ide particles in the invention are preferable subjected to chemical sensitization 
such as sulfur sens,t,zat,on, selenium sensitization and tellurium sensitization. The compounds known in the a for 

examp l e,hecompou n dsdescnbedinJP-ANo.7-128768andthe,i k emaybeusedforthes P ulfur,sefon7ma^^^^^^^^^^ 
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sensitization methods. The tellurium sensitization method is preferable in the invention, and the compounds described 
in the paragraph No. 0030 in JP-A No. 11-65021 and the compounds represented by the general formulae (II), (II) and 
(IV) in JP-A No. 5-313284 are more preferable. 

[0139] Chemical sensitization may be applied at any time of after forming the particles and before application, and 
5 it may be preferably before spectral sensitization, (2) at the same time of spectral sensitization, (3) after spectral sen- 
sitization, (4) immediately before application, or the like. 

[01 40] Although the amount of use of the sulfur, selenium and trillium sensitizers is changed depending on the silver 
halide particles used and chemical ripening conditions, it is 10" 8 to 10" 2 mole, and preferably about 10" 7 to 10 -3 mole 
per one mole of silver halide. While the conditions for chemical sensitization is not particu larly restricted in the invention, 
10 the pH value is in the range of 6 to 11 , pAg is in the range of 6 to 11 , and the temperature is in the range of 40 to 90°C. 
[01 41] Thiosulfonic acid compounds may be added in the silver halide emulsion to be used in the invention according 
to the method disclosed in EP No. 293,917. 

[0142] One kind of the photosensitive silver halide emulsion may be used in the invention, or at least two kinds of 
the photosensitive silver halide (for example, those having different average particle sizes, having different halogen 
15 compositions, having different crystal habits, or being different in the chemical sensitization conditions) may be used 
together. Gradation may be controlled by using a plurality of the photosensitive silver halides having different sensitiv- 
ities with each other. The arts related thereto are disclosed in JP-A Nos. 57-119341 , 53-106125, 47-3929, 48-55730, 
46-51 87, 50-73627 and 57-1 50841 . A sensitivity difference of 0.2 log E or more is preferable among respective emul- 
sions. 

20 [0143] The amount of addition of the photosensitive silver halide is preferably 0.03 to 0.6 g/m 2 , more preferably 0.07 
to 0.4 g/m 2 , and most preferably 0.10 to 0.3 g/m 2 as indicated by the amount of application per 1 m 2 of the heat 
developable image recording material; or preferably 0.01 to 0.5 mole, and more preferably 0.02 mole to 0.3 mole per 
one mole of the organic silver salt. Particularly preferable amount is 0.03 mole to 0.2 mole. 

[0144] The method and condition for mixing the independently prepared photosensitive silver halide and organic 
25 silver salt comprise mixing the independently prepared photosensitive silver halide and organic silver salt using a high 
speed stirrer, ball mill, sand mill, colloid mill, vibration bail mill or homogenizer; or preparing the organic silver salt by 
mixing the already prepared photosensitive silver halide at any timing during preparation of the organic silver salt. 
However, the method is not particularly restricted so long as the effect of the invention is sufficiently manifested. It is 
a preferable method for the photographic characteristics to mix at least two kinds of the aqueous organic silver salt 
30 dispersions and at least two kinds of the aqueous photosensitive silver salt dispersions. 

[0145] While the preferable timing for adding silver halide into the application fluid of the image forming layer is from 
180 minutes before application to immediately before application, preferably from 60 minutes before to 10 seconds 
before, the mixing method and mixing condition are not particularly restricted so long as the effect of the invention is 
sufficiently manifested. Examples of the mixing method comprise mixing in a tank in which the mean resident time 
35 calculated from the addition speed and flow rate to a coater is adjusted to be a desired time interval; and using a static 
mixer as described in chapter 8 of "Liquid Mixing Technology" by N. Harnby, M. F. Edwards and A. W. Nienow, translated 
by Koji Takahashi, Nikkan Kogyo Shinbun, 1 989. 

[0146] Any polymers may be used for the binder for the layer containing the organic silver salt (or the image forming 
layer) in the invention. Prefarable binders are transparent or semi-transparent and generally col, and examples of them 

40 include natural resins, polymers and copolymers; synthetic resins, polymers and copolymers; and other film forming 
medium such as gelatins, rubbers, polyvinyl alcohols, hydroxyethyl celluloses, cellulose acetates, cellulose acetate 
butylates, polyvinyl pyrrolidones, caseins, starchs, polyacrylic acids, polymethyl methacrylic acids, polyvinyl chlorides, 
polymethacrylic acids, styrene-maleic anhydride copolymers, styrene-acrylonitrile copolymers, styrene-butadiene co- 
polymers/polyvinyl acetals (for example, polyvinyl formals and polyvinyl butyrals), polyesters, polyurethanes, phenoxy 

45 resins, polyvinyiidene chlorides, polyepoxides, polycarbonates, polyvinyl acetates, polyolefins, cellulose esters and 
polyamides.The binder may be formed by coating from an aqueous solution, from an organic solution or from an 
emulsion. 

[0147] The glass transition temperature (Tg) of the binder in the layer containing the organic silver salt is preferably 
10°C to 80°C (referred to as a high Tg binder hereinafter), more preferably 15°C to 70°C, and still more preferably 
so 20°C to 65°C in the invention. 

[0148] Tg was calculated by the following equation in the specification of the invention: 

1/Tg = ZfX/Tg,) 

55 

[0149] The polymer is assumed to be a copolymer of monomer components from i = 1 to i = n. Xi is mass fraction 
of the i-th monomer (ZXj = 1), and Tg } is the glass transition temperature (in absolute temperature) of a homopolymer 
of i-th monomer, Z means a sum from 1 to n. The value described in "Polymer handbook (third Edition)"., by E. H. 
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HUES. Wi ' ey ,nterSCienCe " 1989 WaS USed f0r the 9 ,ass ««■«■" temperature (Tg.) of a homopolymer of each 

[0150] The polymers as the binder may be used alone, or as a combination of at least two of them if necessarv A 
combination o a polymer with a glass transition temperature of 20°C or more and a po^^iTSSi 

TSZXV"?* th t n 2 °° C be USSd t09ether 11 is pre,erable that the wei 9"^ average Tg alls w h!n the range 
a* described above when 2 or more of the polymers having different Tg's are blended for use 9 

Sti!n flu H^ P „T a rab ' e ,!?<J h ! inVGnti0n th3t ' ayer containi "9 th * organic silver salt is formed by applying an appli- 
cation flu d containing 30% by mass or more of water in a solvent and drying. The performance of the WndeJ in the 
.ayer containing the organic silver salt is improved when it is soluble or capable of being Served in a water based 

nrPflST t rZ ?k I y ! The D ' nder Prepared 80 as 10 have an ionic conductance of 2.5 mS/cm is most 

may 6 prepared by purification using a ,unctional separation membrane aft - «yntS 

is fn which S? hfm? 386 ? 0 ^ 1 i0 WhiCh the P ° lymer iS S ° IUble ° r Capable of dis P ereion mean * water or a solvent 
in wh.cn 70 /<, by mass or less of an organic solvent capable of mixing with water is added in water Examples of the 
organic solvent capable of mixing with water include alcohols such as methyl alcohol, ethyl aL^^SSS? 

ESTTTSL" methy J cel L 0S T e - ethyl cel,oso,ve and butyl ce,loso,ve ethyl acetate and «^JS ?• 

termor ZJ^ ! " USed herei " refere ,0 33 a syst6m in which the P 0 *™ «• "°t dissolved in 

terms of thermodynamics, and is contained as a so-called dispersion state 

20 SI? 1 , t8ml " e K qUi ' ibriUm C ° ntent ° f water at 25 ° C and 60 % RH" is represented as follows using the weight W1 
of a polymer ,n equrlrbnum with moisture in an atmosphere at 25'C and 60% RH, and the weight W0 oTa dried po jmer 



25 Equilibrium content of water at 25° C and 60% RH = 

{(W1-W0)/W0) x 100(%bymass) 
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Shoten C P o ?H r 2 Ch f n ° l09y I 4 ' P ° lymer Mat8rial TSSt M6th0d (ed - by P °'y mer Association, published by Chijin 
intent * * * e deflniti ° n ° f Water COntent and the meth ° d for during the water 

RH is 6J 2«>/ bvmScT.' 6 in inVe " f ti0n J f* thS e ^ uilibrium content °' water of the binder polymer at 25»C and 60% 
to 1 % by mass ' m ° re ° ° 1 % by ma " * 1 ** by masS ' and stiN ™ re 0.02% by mass 

[01 57] Particularly preferable polymer is able to be dispersed in a water based solvent in the invention While either 
a dispersion such as a latex in which fine particles of a hydrophilic polymer insoluble in water are dLersed or a 
d.spersion in which a latex orpolymer is dispersed in a molecular level or by forming a micelle may be used a version 

me range ot 1 to 50,000 nm, preferably in the range of 5 to 1000 nm, more preferably in the ranae of 10 to 500 nm 
and st I more preferably in the range of 50 to 200 nm. The particle size distribution of ^S^S£S^2t 
particuarlyrestnctedand* 

fnnf,? h P H 6fer K ab K e eXamP ' eS ° f th6 P °' ymer that iS able 10 be aspersed in the water based solvent in the invention 
include hyd ophob.c polymers such as acrylic polymer, polyesters, rubbers (for example, SBR resins polyu ethanes 
polyvrnyl ch.ondes, polyviny. acetates, polyviny.idene chlorides and po.yole fins. These polymers may be a t near ooi 
fzed er o^ a " C D , POlymer h 0r h Cross - ,inked P°'y— • - a so-ca,.ed homopolymer in which a sfngle monomtr is pofym" - 
^S£Z£Z2 T ^ r ^ WndS ° ,m0nOmers are Po'V-erized. The copolymer may be a random copXer 
10 000 to Von P nin Th 1 , aVer39e m °' eCU,ar W6ight ° f the P 0 '^ is 5 ' 000 to ^OO.OOO, and preferably 
too sm «° SSf? ■ T meCha "'° al Stren9th ° f ,he emU ' Sion la y er becomes insufficient when the mo ecular weight s 

[01 59] Examples of the preferable polymer latex are described below. The following examples are represented bv 
the monomer as a starting material, the numerals in the parenthesis denotes % by mass, and the mo.ecu Z we il 
descnbed , n terms of a number average mo|ecu(ar wejght ^ ^ ^ J£Z^Z£^ 

ofZ ZZZTeZZ^T 3 Cf0SS " ,in , ked StmCtUre - th6y are deSCdbed 35 HnLg" and descgion 

or me molecular weight is omitted. Tg means a glass transition temperature. 
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P-1 : latex of MMA(70)-EA(27)-MAA(3)(molecular weight 37,000, Tg 61 °C) 

P-2: latex of MMA(70)-2EHA(20)-St(5)-AA(5) (molecular weight 40,000, Tg 59°C) 

P-3: Latex of St(50)-Bu(47)-MAA(3) (cross-linking, Tg 17°C) 

P-4: Latex of St(68)-Bu(29)-AA(3) (cross-linking, Tg 17°C) 
5 P-5: Latex of St(71 )-Bu(26)-AA(3) (cross-linking, Tg 24°C) 

P-6: Latex of St(70)-Bu(27)-IA(3) (cross-linking) 

P-7: Latex of St(75)-Bu(24)-AA(1) (cross-linking, Tg 29°C) 

P-8: Latex of St(60)-Bu(35)-DVB(3)-MAA(2) (cross-linking) 

P-9: Latex of St(70)-Bu(25)-DVB(2)-AA(3) (cross-linking) 
10 B-1 0: Latex of VC(50)-MAA(20)-EA(20)-AN(5)-AA(5) (molecular weight 80,000) 

R-:11: Latex of VDC(85)-MAA(5)-EA(5)-MAA(5) (molecular weight 67,000) 

P^-12: Latex of Et(90)-MAA(10) (molecular weight 12,000) 

P-1 3: Latex of St(70)-2EHA(27)-AA(3) (molecular weight 130,000, Tg 43°C) 

P-1 4: Latex of MAA(63)-EA(35)-AA(2) (molecular weight 33,000, Tg 47°C) 
15 P1 5: Latex of St(70.5)-Bu(26.5)-AA(3) (cross-linking, Tg 23°C) 

P-1 6: Latex of St (69.5) -Bu(27.5) -AA(3) (cross-linking, Tg 20.5°C) 

[0160] The abbreviations in the structures above denote the following monomers. MM A: methyl methacrylate, EA: 
ethyl acrylate, MAA: methacrylic acid, 2EHA: 2-ethylhexyl acrylate, St: styrene, Bu: butadiene, AA: acrylic acid, DVB: 

20 divinylbenzene, VC: vinyl chloride, AN: acrylonitrile, VDC: vinylidene chloride, Et: ethylene, and I A: itaconic acid. 

[0161] The polymer latex described above is commercially available including the following polymers. Examples of 
acrylic polymers include Cebian A-4635, 471 8 and 4601 (Daicell Chemical Industries Ltd.) and Nipol Lx81 1 , 81 4, 821 , 
820 and 857 (Nippon Zeon Co., Ltd.); examples of polyesters include FINETEX ES650, 611 , 675 and 850 (Dainippon 
Ink and Chemicals Incorporated) and WD-size and WMS (Eastman Chemical Company); examples of polyurethanes 

25 include H YD RAN AP10, 20, 30 and 40 (Dainippon Ink and Chemicals, Incorporated); examples of rubbers include 
LACSTAR 731 OK, 3307B, 4700H and 7132C (Dainippon Ink and Chemicals Incorporated), Nipol Lx416, 410, 438C 
and 2570 (Nippon Zeon Co., Ltd.); examples of polyvinyl chlorides include G351 and G576 (Nippon Zeon Co., Ltd.); 
examples of potyvinylidene chlorides include L502 and L513 (Ashahi Chemical Industry Co., Ltd.); and examples of 
polyolefins include Chemipal S120 and SA100 (Mitsui Chemicals Inc.). 

30 [0162] These polymer latex may be used alone, or as a blend of at least 2 of them, if necessary. 

[0163] Particularly, the latex of the styrene-butadiene copolymer is preferable as the polymer latex to be used in the 
invention. The weight ratio of the styrene monomer unit to the butadiene monomer unit in the styrene-butadiene co- 
polymer is preferably 40:60 to 95:5. The proportion of the styrene monomer unit and butadiene monomer unit in the 
copolymer is preferably 60 to 99% by mass. 

35 [0164] The polymer latex contains acrylic acid or methacrylic acid in a proportion of preferably 1 to 6% by mass, and 
more;preferably 2 to 5% by mass, relative to the sum of styrene and butadiene in the invention. The polymer latex of 
the invention preferably contains acrylic acid. 

[0165] The latex of the styrene-butadiene copolymer preferably used in the invention includes P-3 to P-8 and P-1 5 
as described above, and commercially available LACSTAR-3307B, 7132C and Nipol Lx416. 

40 [0166] Hydrophilic polymers such as gelatin, polyvinyl alcohol, methyl cellulose, hydroxypropyl cellulose and car- 
boxymethyl cellulose may be added, if necessary, to the layer containing the organic silver salt of the photosensitive 
material of the invention. The amount of addition of these hydrophobic polymers is preferably 30% by mass or less, 
and more preferably 20% by mass or less, of the total binder in the layer containing the organic silver salt. 
[0167] The layer containing the organic silver salt (the image forming layer) of the invention is preferably formed 

45 using the polymer latex. The amount of the binder in the layer containing the organic silver salt is preferably in the 
range of 1/1 0 to 1 0/1 , more preferably 1/3 to 5/1 , and still more preferably 1/1 to 3/1 , in the weight ratio of total binder/ 
organic silver salt. 

[01 68] The layer containing the organic silver salt is also a photosensitive layer (emulsion layer) containing the pho- 
tosensitive silver halide as a photosensitive silver salt. The weight ratio of the total binder/silver halide in such case is 
so jn the range of preferably 400/1 to 5/1 , and more preferably 200/1 to 1 0/1 . 

[0169] The total amount of the binder in the image forming layer of the invention is preferably in the range of 0.2 to 
30 g/m 2 more preferably in the range of 1 to 15 g/m 2 , and still more preferably 2 to 10 g/m 2 . A cross-linking agent for 
cross-linking, and a surfactant for improving application property may be added in the image forming layer of the 
invention. 

55 [0170] The solvent (the solvent and dispersing medium are represented as "solvent" herein for simplicity of the de- 
scription) for the application fluid of the layer containing the organic silver salt in the photosensitive material of the 
invention preferably contains 30% by mass or more of water. Any organic solvents that can be mixed with water such 
as methyl alcohol, ethyl alcohol, isopropyl alcohol, methyl cellosolve, ethyl cellosolve, dimethylforrn amide and ethyl 
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SJJTiTE^k 83 COmp ° nent 0ther than water water intent of the solvent in the application fluid is 
fnH fnfw , 7" I IT ^, m0re Preferably 7 ° % by m3SS ° r more - Examples of the Preferable solvent composition 

water/methyl alcohol/ethyl cellosolve = 85/10/5 and water/methyl alcohol/isopropyl alcohol = 85/10/5 in addition to 
water (the numerals denote % by mass). auuuinn io 

Elm J f ° 9 preVentive a9ent ' StabMi2er and stabili2er P recur50r that can be used in the invention include com- 
pounds described ,n the paragraph No. 0070 in JP-A No. 10-62899, line 57/p20 to line 7/ P 21 in EP No. 0803764A1 

T ^ 9 " 3 f 864 - ThS f ° 9 PrSVentiVe a9entS preferab, V used in the ^e organic halogen 

compounds, and examples of them are those described in the paragraph Nos. 0111 to 0112 in JP^ No 11-65021 
Organic halogen compounds represented by the formula (P) in Japanese Patent Application No. 11-87297, organic 

Jomnn ^^"^T", S T * presented * the 9 eneral f °™& ("> " JP-A No. 10-339934, and organic polyhalogen 
compounds descnbed in Japanese Patent Application No. 1 1 -205330 are particularly preferable 

El f L. Thep [ e, 1 erable or 9 anic Polyhalogen compounds in the invention will be described in detail hereinafter The 
preferable polyhalogen compounds in the invention are represented by the following general formula (4): 

Q-(Y) n -X(Z t ) (Z 2 )X (4) 

E2 J" 9 ? eral f0rmU ' a (4)> ° re P resents an alk y' £W. an aryl group or a heterocyclic group; Y represents 

a 2251; T 9r ? P; " rePreSemS an inte9er ° f ° or 1 : ^ and Z * represent hal °9 en *°™> ™« * represents 
a hydrogen atom or an electron attracting group. 

[0174] Q is preferably an aryl group or a heterocyclic group in the general formula (4) 

E,!2n T^" ° h 3 h f ter ^ clic grou P in tne 9 eneral formula (4). it is a heterocyclic group containing one or two 
nitrogen atoms, and preferably a 2-pyridyl or 2-quinolyl group. 

25 EtlHwth^ 6 ? ° re P reSentS an 9 rou P in the 9 eneral f °"™' a (4). Q preferably represents a phenyl group subsis- 
ted with electron attra^ 

f6renced ' n , J ° Urna ' of Medicinal Chemistry, 1 973, Vol. 16. No. 11 , pp. 1207-1216. Examplesof these electron 
O 23. Ln 9 i^ UPS t ' , ?, a r at ° m (flUOrin6 at ° m ( ° P: ° 06 )' 3 chlorine atom <-P: ° ^), a bromine atom (op: 
of !!, / , (CP: )h 8 tnha,om8th y« 9r°"P (trobromomethyl (op: 0.29), trichloromethyl (op: 0.33), trifluor- 

Z exam^e IfS " 9 , r ° UP ( T ^ * ^ (0p ° ?8) ' a " a,iphatic ' «* or heterocyclic sulfony. group 

^ n ^m P k ? 7 QrOUP ( ° P: 0 72))l 3,1 a ' iphatiC; aryl ° r heterocyclic acyl group (for example, acetyl group 
(op 0.50), a benzoyl group (op: 0.43)), an alkynyl group (for example, C-CH (op: 0.23)), an aliphatic aryl or hetero 

oTouo °T (f °: 6XamP,e ' methoxycarbon V' <«* <>■*> a "< Phenoxycarbonyl (^0.44 ), TcarblTyl 

™ ShX / 8 k1 3 r yl 9r0UP (<7P: °- 57) ' 3 SU ' f0Xide gr0Up ' a heterocyclic group and a phosphor group. The 
ap value ,s preferably in the range of 0.2 to 2.0. and more preferably in the range of 0.4 to 1 .0 Preferable groups as 

ohoSfn™ 9r l UP mC,Ude thS Carbam ° yl 9r0Up - a lkoxycarbamoyl group, alkylsulfonyl group and alkylphos 

phoryl group, and the carbamoyl group is most preferable among them. wpnus 

E7JL fe Preferably an electron attracting group, and more preferably a halogen atom, an aliphatic sulfonyl group 
an 3 heteroc y clicsul [ on y' 9 ro "P. a " a "Phatic acyl group, an ary.acyl group, a heterocyclic acyl group 

an ahphat.c oxycarbonyl group, an aryloxycarbonyl group, a heterocyclic oxycarbonyl group, a carbamoyl qroup and 

lr«!^T£:Zo2t T m ° re H r ferab,V 3 ha ' 09en at ° m - ThS Chl ° rine at0m ' br °^ e atom a "d 2e°Z are 
amongSTe na!ogen atomt " " m ° r6 Preferab ' e ' at0m ^"'^ prefM 

EabS SO ^ P „Tnrf ' y ?TT "? C= ? ) "' " S °" ° r - S ° 2 -' m ° re Preferab,y - C( =°)- and - S °2-- and sti » ™re pref- 
erably -S0 2 -. n represents 0 or 1 , and preferably 1 . 

SJ JUL Tcoh 6 6 tH mP,eS (exempimed com P 0 "nds 4-1 to 4-23) of the compounds represented by the general formula 
(4) to be used in the mvent.on are shown below, the present invention is not restricted thereto. 
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(4-1) (4-2) (4-3) 

*S0 2 CBr 3 ^^^S0 2 CBr 3 0^SO 2 CBr 3 
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(4-4) 



(4-5) 



(4-6) 
N-N 

S0 2 CBr 3 ^LJk, 



S S0 2 CBr 3 



(4-7) 

CBr 3 

XX 

Br 3 C N CBr 3 



(4-8) 

CONHC 4 H 9 (n) 



a 



S0 2 CBr 3 



(4-9) 
ION 




S0 2 CBr 3 



(4-1 O) 

N-N 

C 3 Hf^N / ^S0 2 CBr 3 



(4-1 1 ) 
CON(C 2 H 5 ) 2 



a 



a 



S0 2 CBr 3 



(4-1 2) 

JO z N(C 4 H 9 ) 2 



S0 2 CBr 3 




(4-13) (4-14) 

C0 2 C 6 H 13 90NHCH 2 CO 2 Na 



a 



S0 2 CBr 3 
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(4-1 7) 




S0 2 -^Q>— S0 2 CBr 3 



S0 2 CBr 3 
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(4-1 9) 

CONHC 4 H 9 (n) 



S0 2 CBr 3 



a 



S0 2 CHBr 2 
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(4-2 0) 

:ONHC 3 H 7 (n) 



S0 2 CBr 2 CN 




(4-2 1 ) 

>0 2 CBr 3 




S0 2 CBr 3 
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(4-2 3) 



S0 2 CBr 3 



-S0 2 CBr 3 
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[0180] The compound represented by the general formula (4) in the invention is preferably used in the range of 1 x 
1 0-4 to 1 mole, more preferably in the range of 1x10-3 to 0.8 mole, and still more preferably in the range of 5 x 1 0-3 
to 0.5 mole, per one mole of the photosensitive organic silver salt in the image forming layer. Particularly preferable 
range is 1 x 10-2 to 0.2 mole. 

[0181] An example of the method for allowing the fog preventive agent to contain in the photosensitive material in 
the invention is described in the foregoing method for allowing the reducing agent to contain, and it is preferable to 
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add the organic halogen compound as a dispersion of solid fine particles. 

[0182] Examples of other fog preventive compounds include mercury (II) salts described in the paragraph No. 0113 
and benzoic acid salts described in the paragraph No. 0114 in JP-A No. 11-65021 , salicylic acid derivative in JP-A No. 
2000-206642, formalin scavenger compounds represented by the formula (S) in JP-A No. 2000-221634, triazine com- 
5 pounds according to claim 9 in JP-A No. 11-352624, and the compound represented by the general formula (III) and 
4-hydroxy-6-methyl-1,1,3a,7-tetrazaindene in JP-A No. 6-11791. 

[0183] The heat developable image recording material of the invention may contain azoiium salts for preventing 
fogging. Examples of the azoiium salts include the compounds represented by the general formula (XI) in JP-A No. 
59-193447, the compounds described in JP-B No. 55-12581 , and the compounds represented by the general formula 

10 (||) in JP-A No. 60-153039. While the azoiium salt may be added in any portions in the photosensitive material, the 
layer to be added is preferably the layer on the face having the photosensitive layer, and more preferably in the layer 
containing the organic silver salt. The azoiium salts may be added at any timing for preparing the application fluid. The 
azoiium salts may be also added at any timing from the time for preparing the organic silver alt to the time for preparing 
the application fluid, and the preferable timing is from after preparing the organic silver salt and to immediately before 

* 5 application. The azoiium salt may be added by any methods including a powder, solution and dispersion of fine particles. 
The azoiium salt may be added as a mixed solution with other additives such as a sensitizing dye, reducing agent and 
color control agent. While the azoiium salt may be added in any amount, it is preferably 1 x 10" 6 mole to 2 mole, and 
more preferably 1 x 10' 3 mole to 0.5 mole. 

[0184] Mercapto compounds, disulfide compounds and thione compounds may be incorporated in the present in- 

20 vention in order to suppress or promote development to control development, in order to improve spectral sensitization 
effect, and in order to improve preservative property before and after development. These compounds include those 
described in the paragraph Nos. 0067 to 0069 in JP-A No. 1 0-62899, compounds represented by the general formula 
(I) in JP-A No. 1 0-186572, and examples of the compounds are described in the paragraph Nos. 0033 to 0052 of the 
same publication, in lines 36 to 56 in page 20 in EP No. 0803764A1 , and in Japanese Patent Application No. 1 1 -273670. 

25 Heterocyclic aromatic compounds substituted with mercapto group are preferable among them. 

[01 85] The color control agent is preferably added in the heat developable image recording material. The color control 
agents are described in the paragraph Nos. 0054 to 0055 in JP-A No. 10-62899, lines 23 to 48 in page 21 in EP No. 
0803764A1 , JP-A No. 2000-35631 7 and Japanese Patent Application No. 2000-187298. Particularly, phthaladinones 
(phthaladinone, phthaladinone derivatives or metal salts; for example, 4-(1 -naphthyl)phthaladinone, 6-chlorophthaladi- 

30 none, 5,7-dimethoxyphthaladinone and 2,3-dihydro-1 ,4-phthaladinedione); combinations of phthaladinones and 
phthalic acids (for example, phthalic acid, 4-methylphthalic acid, 4-nitrophthalic acid, diammonium phthalate, sodium 
pahtalate, potassium phthalate and terrachlorophthalic anhidride); phthaladines (phthaladine, phthaladine derivatives 
or metal salts; for example, 4-(1-naphthyl)phthaladine, 6-isopropylphthaladine, 6-t-butylphthaladne, 6-chlorophthala- 
dine, 5,7-dirnethoxyphthaladine and 2,3-dihydrophthaladine); combinations of phthaladines and phthalic aids are pref- 

35 .erable, and the combination of phthaladines and phthalic acids is particularly preferable. Other particularly preferable 
combinations include the combination of 6-isopropylphthaladine and phthalic acid or 4-methylphthalic acid. 
[0186] Plasticizers and lubricants available for the photosensitive layer in the invention are described in the paragraph 
No. 0117 in JP-A 11-65021, ultra-hardening agent for ultra-hard image formation and the methods and amount of 
addition are described in the paragraph No. 0118 in JP-A 11-65021 , in the paragraph Nos. 0136 to 0193 in JP-A No. 

40 11-223898, compounds represented by the formulae (H), (1) to (3), (A) and (B) in Japanese Patent Application No. 
11-87297, compounds represented by the general formulae (III) to (V) in Japanese Patent Application 11-91652 (for 
example, exemplified compounds 21 to 24), and the ultra-hardening accelerators are described in the paragraph No. 
0102 in JP-A No. 11-65021 and paragraph Nos. 0194 to 0195 in JPtA No. 11-223898. 

[0187] Formic acid or formic acid salts to be used as a strong fogging substance may be contained in a proportion 
45 of 5 milli-mole , and preferably 1 milli-mole , per one mole of silver in the layer at the side comprising the image forming 
layer containing the photosensitive silver halide. 

[0188] An acid formed by hydrating phosphorous pentoxide or salts thereof are preferably used together when the 
super-hardening agent is used in the heat developable image recording material of the invention. Examples of the 
acids formed by hydrating phosphorous pentoxide or salts thereof include metaphospnoric acid (or salts), pyrrophos- 
50 phoric acid (or salts), orthophosphoric acid (or salts), triphosphoric acid (or salts), tetraphosphoric acid (or salts) and 
hexametaphosphoric acid (or salts). Preferably used acids or salts thereof formed by hydrating phosphorous pentoxide 
are orthophosphoric acid (or salts) and hexametaphosphoric acid (oe salts). Examples of the salts include sodium 
orthophosphate, sodium dihydrogen orthophosphate, sodium hexametaphosphate and ammonium hexametaphos- 
phate. 

55 [0189] The amount of use (amount of application per 1 m 2 of the photosensitive material) of the acids formed by 
hydrating phosphorous pentoxide or salts thereof may be arbitrarily determined depending on performance such as 
sensitivity and fogging, the preferable amount is 0.1 to 500 mg/m 2 and more preferably 0.5 to 100 mg/m 2 . 
[0190] A surface protective layer may be provided in the heat developable image recording materia! for the purpose 
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of protecting the image-forming layer from being contaminated. The surface protective layer may comprise a single 
layer or plural layers. The surface protective layer is described in the paragraph Nos. 01 1 9 to 01 20 in JP-A No 1 1 -65021 
and Japanese Patent Application No. 2000-171936. 

« Sowa! 1 V hHe 9 f ati " iS preferable as the binder for the s "rface protective layer of the invention, polyvinyl alcohol 
™? ) 18 a, f P r , eferable used alon e or used together. Gelatin available includes inert gelatin (for example. Nitta gelatin 
750) and phthalated gelatin (for example, Nitta gelatin 801 ). Examples of PVA include those described in the paragraph 
Nos. 0009 to 0020 in JP-A No. 2000-1 71 936, and preferable examples include perfectly saponified PVA-1 05 partially 
saponified PVA-205 and PVA-335, and modified polyvinyl alcohol MP-203 (trade names of Kuraray Co Ltd) The 

,„ nTTJ °r! a f P ' ,ca,ion <P er 1 m2 of the substrate) of polyvinyl alcohol on the protective layer (per one layer) is preferably 
io 0.3 to 4.0 g/m 2 , and more preferably 0.3 to 2.0 g/m 2 . 

[0192] The polymer latex is preferably used forthe surface protective layer and back layer, when the heat developable 
image recording material of the invention is used for printing that requires little dimensional change. Such polymer 
latex is described in "Synthetic Resin Emulsion" ed. by Taira Okuda and Hiroshi Inagaki. Polymer Publishing Associ- 
ation. 1 978; Application of Synthetic Latex", ed. by Takaaki Sugimura, Yasuo Kataoka. Sohichi Suzuki and Keiji Kasa- 
hara. Polymer Publishing Association, 1 993; and "Chemistry of Synthetic Latex", by Shoichi Muroi. Polymer Publishing 
Association. 1970. Examples of latex include latex of methyl methacrylate (33.5% by mass)/ethyl acrylate (50% by 
massymethacrylic acid (16.5% by mass) copolymer, latex of methyl methacrylate (47.5% by mass)/butadiene (47 5% 
by massyitaconic acid (5% by mass) copolymer, latex of ethyl acrylate/methacrylic acid copolymer, latex of methyl 
methacrylate (58.9% by massy2-ethylhexyl acrylate (25.4% by mass)/styrene (8.6% by massy 2 -hydroxyethyl meth- 
acrylate (5.1 /o by massyacrylic acid (2.0% by mass) copolymer, and latex of methyl methacrylate (64.0% by massy 
styrene (9.0% by mass)/butyl acrylate (20.0% by mass)/2-hydroxyethyl methacrylate (5.0% by mass)/acrylic acid (2 0% 
by mass). The combination of latex described in Japanese Patent Application No. 11-6872, the technology described 
m the paragraph Nos. 0021 to 0025 in Japanese Patent Application No. 11-143058, the technology described in the 
paragraph Nos. 0027 to 0028 in Japanese Patent Application No. 1 1 -6872, and the technology described in the para- 
graph Nos 0023 to 0041 in Japanese Patent Application No. 1 0-1 99626 may be used for the binder for the surface 
protective layer. The proportion of the polymer latex in the surface protective layer is preferably 10% by mass to 90% 
by mass , and particularly 20% by mass to 80% by mass of the total binder. 

[01 1 93] The amount of application (per 1 m 2 of the substrate) of the total binder (including the water soluble polymer 
30 to 2 0 Sh? in SUrfaCe pr ° teCtiVe layer (per one layer > is P refer ably °-3 to 5.0 g/m 2 , and more preferably 0.3 

51^3 ™ a tem P erature for Preparing the application fluid of the image forming layer in the invention is preferably 
30 C to 65 C, more preferably 35°C to 60°C, and still preferably 35°C to 55°C. It is preferable that the temperature of 
latex* ° atl0n ima9e f0rmin9 ' ayer iS maintained at 30 ° C t0 65 ° c ^mediately after adding the polymer 

35 [0195] The image-forming layer of the invention comprises at least one layer on the substrate. The layer comprises 
the organic silver salt, photosensitive silver halide, reducing agent and binder with desired color control agent appli- 
cation assistant and other auxiliary agents, if necessary, when the layer is a mono-layer. When the image-forming layer 
comprises at least two layers, on the other hand, a first image forming layer (usually the layer adjacent to the substrate) 
contains the organic silver salt and photosensitive silver halide, and some other components should be contained in 
a second image forming layer or in both layers. The multi-color photosensitive heat developable photographic material 
is composed of a combination of the two layers for respective colors, or all the components may be included in a single 
ayer as descnbed in USP No. 4,708,928. In the case of a multi-die multi-color photosensitive heat developable pho- 
tographic material, the emulsion layers are maintained by being distinguished with each other by using functional or 
non-functional barrier layers between respective layers, as described in USP No 4 460 681 
45 L? 1961 _ Vari ° US dyeS and P'g™™ 8 (for example C.I. Pigment Blue 60, C.I. Pigment Blue 64, C.I. Pigment Blue 15- 
6) may be used in the photosensitive layer of the invention for improving color tone, for preventing interference patterns 
from generating during laser exposure, and for protecting from irradiation. These pigments and dyes are described in 
detail in WO 98/36322. and JP-A Nos. 1 0-268465 and 1 1 -338098. 

[01 97] An anti-halation layer may be provided at the side remote from a light source in the heat developable image 
recording material of the invention. a 
[0198] The heat developable photosensitive material comprises a non-photosensitive layer in addition to the photo- 
sensitive layer. The non-photosensitive layers can be classified, in terms of their arrangement, as (1 ) a protective layer 
provided on the photosensitive layer (at the remote side from the substrate), (2) an intermediate layer provided between 
a plurality of photosensitive layers or between the photosensitive layer and the protective layer. (3) an undercoat layer 
provided between the photosensitive layer and the substrate, and (4) a back layer provided at the opposed side to the 
photosensitive layer. A filter layer is provided in the photosensitive material as the layer (1 ) or (2). An anti-halation layer 
is provided in the photosensitive material as the layer (3) or (4). 

[0199] The anti-halation layer is described in the paragraph Nos. 0123 to 0124 in JP-A No. 11-65021 JP-A Nos 
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11-223898, 9-230531, 10-36695, 10-104779 : 11-231457, 11-352625 and 11-352626. 

[0200] The anti-halation layer contains an anti-halation dye that absorbs a light at an exposure wavelength. An in- 
frared light absorbing dye may be used when the exposure wavelength is in the infrared region, and the dye preferably 
has no absorption in the visible region. 

5 [0201] It is preferable not to substantially remain the color of the dye behind after forming images when halation is 
prevented using the dye having absorption in the visible region. Accordingly, It is preferable to used means for quenching 
the color by the heat of heat development, and it is more preferable to add a heat-quenching dye and a base precursor 
to allow them to function as the anti-halation layer. These technologies are described in JP-A No. 1 1 -231 457 and the like. 
[0202] The amount of addition of the quenching dye is determined depending of its use. The dye is usually added 

10 in an amount so that the optical density (absorbance) exceeds 0.1 as measured at a desired wavelength. The optical 
density is preferably 0.2 to 2. The amount of use of the dye for obtaining such optical density is usually about 0.001 to 
1 g/m 2 . 

[0203] The optical density after the heat development can be decreased to 0.1 by quenching the dye as described 
above. Two or more of the quenching dyes may be used together in the heat-quenching type recording material and 
15 heat developable photosensitive material. Similarly, two or more of the base precursors may be used together. 

[0204] For improving the heat color-quenching property and the like, it is preferable to use a substance that decreases 
the melting point by 3°C or more by mixing with the base precursor as described in JP-A No. 11-352626 (for example, 
diphenyl sulfone and 4-chlorophenyl(phenyl)sulfone) or 2-naphthyl benzoate for color-quenching using the dye and 
base precursor. 

20 [0205] A coloring agent having an absorption maximum at 300 to 450 nm may be added in the invention for improving 
silver colortone and time dependent changes of the image. Such coloring agents are described in JP-A Nos. 62-21 0458, 
63-104046, 63-103235, 63-208846, 63-306436, 63-314535 and 01-61745, and Japanese Patent Application No. 
1 1-276751 . 

[0206] The coloring agent is usually added in a range of 0.1 mg/m 2 to 1 g/ m 2 , and is preferably added in the back 
25 layer provided at the opposit side to the photosensitive layer. \s 

[0207] The heat developable image recording material of the invention is a so-called one face photosensitive. layer 
comprising the photosensitive layer containing at least one layer of the silver halide emulsion layer on one side: of the 
substrate, and the back layer on the other side thereof. s- 
[0208] It is preferable in the invention to add a matting agent for improving transfer performance. The matting;agent 
30 is described in the paragraph Nos. 0126 to 0127 in JP-A No. 11-65021 . The matting agent is applied in a proportion 
of 1 to 400 mg/m 2 , and more preferably 5 to 300 mg/m 2 , as indicated by the amount of application per 1 m 2 of the 
photosensitive material. 

[0209] While the shape of the matting agent may be definite or not definite, it is preferably dentine, and a spherical 
shape is preferably used. The average particle size is preferably 0.5 to 1 0 u.m, more preferably 1 .0 to 8.0 |im, and still 
35 more preferably 2.0 to 6.0 urn. The variation coefficient of the size distribution is preferably 50% or less , more preferably 
40% or less , and still more preferably 30% or less. The variation coefficient is defined as [(standard deviation of particle 
size)/(average particle size)] x 100. It is also preferable to use at least two kinds of the matting agents having small 
variation coefficients and the average particle size ratio of larger than 3. 

[0210] Any degree of matting may be available so long a small white void (so-called star dust defects) are not gen- 
40 erated and the light does not leak. The Beck smoothness is preferably 30 seconds to 2000 seconds, and more preferably 
40 seconds to 1 500 seconds. The beck smoothness may be readily determined by Japanese Industrial Standard (JIS) 
P8119 "Smoothness test Method of Paper and Paperboard" and TAPPI Standard T479. 

[0211] The degree of matting of the back layer in the invention has Beck smoothness of preferably 10 seconds to, 
1200 seconds, more preferably 20 seconds to 800 seconds, and still more preferably 40 seconds to 500 seconds. 
45 [0212] The matting agent is preferably contained in the outermost layer or the layer than functions as the outermost 
layer of the photosensitive layer, or in the layer close to the outer surface, and is preferably contained in the layer that 
functions as a so-called protective layer. 

[0213] The back layer applicable to the invention is described in the paragraph Nos. 0128 to 0130 in JP-A No. 
11-65021. 

so [0214] The pH of the layer surface before heat development is preferably 7.0 or less , and more preferably 6.6 or 
less , in the heat developable image recording material of the invention. While its lower limit is not particularly restricted, 
it may be about 3. The most preferable pH range is 4 to 6.2. It is preferable to use an organic acid such as a phthalic 
acid derivative or a non-volatile acid such as sulfuric acid for reducing the pH of the layer surface in adjusting the pH 
of the layer surface. Ammonia is also preferable for lowering the pH of the layer surface, since it is readily evaporated 

55 and is able to remove in the application process or before heat development. 

[0215] Non-volatile bases such as sodium hydroxide, potassium hydroxide and lithium hydroxide may be preferably 
used together with ammonia. The method for measuring the pH of the layer surface is described in the paragraph No. 
0123 in Japanese Patent Application No. 11-87297. 
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[0216] A layer-hardening agent may be sued in the photosensitive layer, protective layer and back lavpr in th* in 

TTH^T'S "S 'T::^™ 9 a9em are d6SCribed in P 77 ° f ^ -n«^ 'of tte Phofo Sphb'p ocess- y 
M 8 ^" 18 " P ubteh 'n9 published in 1 977. Thesocompounds inJudechromium 2 -ISSmoS 

6-hydroxy-s-tr.a2.ne sodium salt, N,N-ethylene bis(vinylsulfone acetamide) and N-N-propylene bSSulfone «S 

-e.andvinylsu^ 

EppfcaVo^ 'Vtl 35 3 S ° IUti ° n ' " , th6 timing ° f addi,ion of tne s ° lu «°n the protective 

io JIT? w L , 80 m ' nUteS bef ° re a PP ,ication t0 immediately before application, preferably 60 minutes 

afZl ff ?MK ndS b6f0re - H0W6Ver ' the mixi " 9 me,hod and mixin 9 cond *°n are St partfcuK SSTo 

! a tent I bTalsZTh 8 " 1 " We " Examples of the mixin 9 ^includ a 

in a tank by adjusting the mean res.dent time calculated from the feed flow rate and feed volume to be within a de3 

anS°A w n 3 T USin9 3 St3tiC miX6r 33 deSCribed in " Fluid Mixi "9 Technology- by N ^Hamby M F Edwa ds 
r 5 fiSi W r '" enow - trans,ated b V K °J' Takahashi, Nikkan Kogyo Shinbun Co., 1989. * 

[0218] The surfactant applicable in the invention is described in the paragraph No 0132 in JP-A No 11 imwi- 
T^ZZT*" \T Par39raPh N °' 01 33 " th6 Same P^ncation P the 9 sub P strate is des ribedtn the piagraph 
No 0 35 in he HZ nil T"' T 6,ectrificati ° n P reventiva or conductive layer is described n the pa ag aph 
n, h , J"*l«at,on, the method for obtaining color images is described in the paragraph No oS 
same publication, and the lubricating agent is described in the paragraph Nos. 0061 to 0064 in JP-A 11 84573 a ^d 
paragraph Nos. 0049 to 0062 in Japanese Patent Application 11 106881 73 

Sb^ d a ir rt PeratUre ran9e ° f I"" t0 1 85 ° C ' and PartiCU ' arty terephthalate is 

od^^ 

may be also applied forthe 'JSSS^S^ ZlSST£T ^ * °° B * * ^ N ° 11 ' 223898 
ESS h63t developable ima 9 e ^cording material of the invention is preferably a mono-sheet tyoe layer fa tvoe 
Tmagt^ 

Ldded in ?h?htr d S^ Plasticizer a UV absorbing agent or a coating assistant may be further 

SthfJL I 7 *!*? 831 developable ima 9 e ^cording material of the invention may be applied by any methods Examoles 

°; 2 ° 7 ° 04 ' 1 °- 221807 ' 10 -282601, 10-288823, 10-288824. 10-307365, 10 5 2038 10X9934 1, IZ 
327076, 11 338096, 11-338098, 11-338099 and 11-343420, Japanese Patent Application Nos. 2000-187298! 
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2000-10229, 2000-47345, 2000-206642, 2000-98530, 2000-98531, 2000-112059, 2000-112060, 2000-112104, 
2000-112064 and 2000-171936. 

[0225] The photosensitive material of the invention is preferably packaged in a packaging material having a low 
oxygenpermeability and/or moisture permeability, in order to suppress variation of photographic performance during 
5 preservation of row materials, or in order to improve curling and crimp habits. The oxygen permeability is preferably 
50 ml/atm-m2-day or less, more preferably 10 ml/atm-m 2 -day or less ,and still more preferably 1.0 ml/atm-m 2 -day or 
less. The moisture permeability is preferably 10 g/atm-m 2 day or less, more preferably 5 g/atm-m 2 -day or less,and still 
more preferably 1 g/atm-m 2 -day or less. 

[0226] Examples of the packaging materials having a low oxygen permeability and/or moisture permeability are 

10 described in JP-A Nos. 8-254793 and 2000-206653. 

[0227] While the heat developable image recording material of the invention may be developed by any methods, it 
is usually developed by increasing the temperature of the heat developable image recording material after image-wise 
exposure. The development temperature is preferably 80 to 250°C, and more preferably 1 00 to 140°C. The develop- 
ment time is preferably 1 to 60 seconds, more preferably 3 to 30 seconds, still more preferably 5 to 25 seconds, and 

15 particularly 7 to 1 5 seconds. 

[0228] While either a drum type heater or a plate type heater may be used for the heat development, the plate heater 
is preferable. The method described in JP-A No. 11-133572 is preferable as the heat development method using the 
plate heater, which is a heat development apparatus for obtaining a visible image by allowing the heat developable 
photosensitive material forming a latent image to contact heating means in the heat development unit. The heating 

20 means comprises the plate heater, a plurality of pressing rollers are aligned along one surface of the plate heater in 
opposed relation with each other, and the heat developable photosensitive material is made to pass through the space 
between the pressing roller and the plate heater for heat development. The plate heater is divided into 2 to 6 stages, 
and those at the tip has a temperature by about 1 to 10°C lower than other stages. For example, four sets of plate 
heaters whose temperatures can be independently controlled are used, and respective sets are controlled at 112°C, 

25 119°C f 121°C and 120°C. Such method is described in JP-A No. 54-30032, which is able to discharge the moisture 
and organic solvents incorporated in the heat developable photosensitive material while enabling change of the,shape 
of the substrate of the heat developable photosensitive material by rapidly heating the heat developable photosensitive 
material. 

[0229] While the heat developable photosensitive image recording material of the invention may be exposediby any 
30 methods, a laser light is preferable as an exposure light source. The preferable lasers available in the invention include 
gas lasers (Ar*-, He-Ne) , YAG laser, dye laser and semiconductor laser. The semiconductor laser and a second harmonic 
wave^generator may be also used. The gas laser or semiconductor laser emitting a red to infrared light is preferable. 
[0230] An example of the medical laser imager comprising the exposure unit and heat development unit is Fuji Med- 
ical Dry laser Imager FM-DP L. FM-DP L is described in Fuji Medical Review No. 8, pp. 39-55, and the technology can 
35 be naturally applied to the laser imager of the heat developable image recording material of the invention. A net work 
system suitable for the DICOM standard is applicable to the heat developable image recording material for use in the 
laser imager in the "AD network" proposed by Fuji Medical System Co. 

[0231] The heat developable image recording material of the invention is preferably used as a heat developable 
photosensitive material for medical diagnosis, heat developable photosensitive material for industrial photographs, 
40 heat developable photosensitive material for printing and heat developable photosensitive material for COM by forming 
a monochromatic image by the silver image. 

[0232] A second aspect of the invention will be described in detail (detailed descriptions may be omitted when the 
detailed description in the first aspect of the invention is applicable). 

45 -Organic Silver salt and Non-photosensitive Organic Silver Salt Particles, and method for Preparing the Same- 

[0233] The Organic silver salt and non-photosensitive organic silver salt particles to be used in the inventionLwill be 
described hereinafter. r f 
[0234] While the organic silver salt available in the invention is relatively stable to light, silver images are formed by 
50 heating at 80°C or more in the presence of an exposed photo-catalyst (latent image of the photosensitive silver halide) 
and a reducing agent. 

[0235] The organic silver salt may be any organic substances containing a source capable of reducing silver ions. 
Such non-photosensitive organic silver salt is described in the above-described JP-A No. 06-1 30543 and the like. Silver 
salts of organic acids, particularly silver salts of long chain aliphatic carboxylic acids (with a carbon number of 1 0 to 
55 30, preferably 15 to 28) are preferable. 

[0236] Preferably, silver behenate, silver archidate and silver stearate, and a mixture thereof are preferable as the 
silver salts of the long chin aliphatic carboxylic acids. 

[0237] The content of silver behenate is preferably 90 mol% or more, more preferably 95 mol% or more.and more 
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55 



^L« rably 97 m °' % ° r m ° re i0 thS heat devel °P able Photosensitive material of the invention 

[0238] The content of silver stearate is preferably 1 mol% or less . and more preferably 0.5 mol% or less with sub- 
stantially no content being particularly preferable. 

5 E! Wh1i! 0 th ten ; 0f Si,V f e ; h arachidate 13 P referab| y 6 mol% or less, and more preferably 3 mol% or less. 

S ^ / ° r9 . amC SNVer S3,t aVai ' able in thS inVentbn is not Particularty restricted, it is a lepido- 

blastic shape with an aspect ratio of preferably 1 to 9, and more preferably 1 to 3 

Sid. ' epid0b,aStiC partiCleS ° f the 0r9anic silver sa,t - and the as P e * ratio thereof, are defined as hitherto de- 
10 [ ? 2421 J." *T lepidoblastic particles . " a " ma V °e considered to be the thickness of tabular particles having a maior 

tZoZ and " c "' The mean value of " a " is preferably 001 m t0 023 ^ and more oTZ 

p 0 artfcL The rati ° ° f eqUivalent - circle diameter of particle *> " a " « defined as the aspect ratio in the lepidoblastic 

» fflJaoTn'?™ 1 lepid0blas,ic partic,es of the inventi °n is not particularly restricted, it is preferably 
1.1 to 30, and more preferably 1.1 to 15. While the equivalent-circle diameter of the lepidoblastic particles of the in 
vention ,s not particu ariy restricted, ft is preferably 0.05 pm to 1 pm, and more preferably 0.1 pm to ? pm 
nmfol IT**** °k °" 9 and C0, ° r Ch3nge ° f the image Should be Panted when preserving for a long period of 
f ratUrG and hi9h hUm ' dity environment ' when the si'ver image is obtained by heating in the 

20 oS C A ! IT'f 17 1 ^ redUCi " 9 a9em USin9 the C ° mp0Und re P-sented by the general formula (3). 
[0246] A th.rd aspect of the mvent.cn will be described in detail hereinafter (detailed descripnons may be omitted 
when the descnptions in the first and second aspects are applicable). 

(Description of Organic Silver Salt) 

25 [0247] While the non-photosensitive organic silver salt available in the invention is relatively stable to light it functions 

^ud c^aent T^T * "2 ~ ^ * " th6 eXpOSed P^^ensrtive sLr hi Sand 

on S beinn ^ lT.J The 0r9aniC Si ' Ver Sa,t mav be anv ° r 9 anic ^stance that can donate silver 

m n d "? d bV thS redUCmg 3gent Such "^-Photosensitive organic silver salt is described in the paragraph 
Nos. 0048 to 0049 in JP-A No. 10-62899, line 24/ P 18 to line 37/p19 in EP No. 0803764A1 EP No 0962812aT JP A 

0^81 I P etrtht T a T r* 3 Carb0 " nUmb6r ° f1 ° 10 30 ' Preferab, y 1 5 to 28 > ara P-*cJU Preferabto 0 
Pre ! erableeXampleSofthefa%acidsilver saltsincludesilverlignoserina^^ 

m^ureMheL 8 ' ^ ' aUrate ' ^ ^ mi " State ' Si,Ver milistate and si,ver 

35 Efil J? ° r9ani ^ 8311 iS Pr6pared fr ° m ° rganic acids c °nt a *ning behenic acid and at least an appropriate 
amount of eruc.c acid The content of the behenic acid relative to the total organic acids is preferably 50 moS To 99 9 

moS T Preferably 90 m ° ,% t0 " " m0,% ' and sti " ™™ Preferably 95 mol% to 99.99 mol% 
[0250] The content of the erucic acid is 0.000001 mol% to 0.4 mol%, preferably 0.00001 mol% to 0 1 mol% and 
more preferably 0.0001 mol% to 0.01 mol% relative to behenic acid. 

[0251] The heat developable photosensitive material with an excellent preservative property can be obtained with 

hT^i? Tk 9 * ^ *"* develo P-™t and with no need of taking care of light LdTeat during 

add S Imn 9 t ° r9amC "T S3lt PartideS PrSpared fr ° m the ° rganic acid containi "9 behenic «" " d emcic 
acid in the composition range as described above. 

[0252] The shape of the organic silver salt particles to be used in the invention is not particularly restricted and anv 
shapes of needle-like, rod-like, plate-like or lepidoblastic may be use restricteg, and any 

[0253] The lepidoblastic organic silver salt is preferable in the invention. Short needle-like, rectangular parallelepiped 
or cubic particles w.th a ratio of the major axis length to minor axis length of 5 or less, or po ato-like non-aef in te shape 
parties may be also preferably used. These organic silver salt partic.es show .ess fogging as compared Irtth long 
need.e-hke particles with a ratio of the major length axis to the minor axis length of 5 or more. Particularly ^articles 

The ,eo e Ii r s ; en9th 3X13 ,0 , ^ ,en9th ° f 3 " m ° re iS Preferable due * their mechaSisS?; 
[0254] The lepidoblastic organic silver salt particles are defined as follows in the invention. Shape of the organic 

edaes o T "I 38 3 reCtangU ' ar P a -'-e'epiped by observing under an electronmicroscope^e 

edges of the rectangular parallelepiped are represented by "a", »b" and V in the order of their shortness ("b" and V 
may be the same), and V is calculated from the following equation: snonness ( o and c 



40 



45 



50 



x = b/a 
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[0255] The "x" values are determined with respect to 200 particles, and the lepidoblastic particles are defined from 
a mean value of "x" satisfying the relation of x mean > 1 .5. Preferably, the mean value of "x" satisfies the relation of 30 
> x mcan > 1 .5, preferably 20 > x mcan > 2.0. The needle-like shape is defined to satisfy the relation Of 1 .5 > x mcan > 1 . 
[0256] The lepidoblastic particles may be considered as tabular particles with a major plane having a thickness of 
5 "a" and edge lengths of "b'\ The mean value of "a M is preferable 0.01 u.m to 0.23 urn, and more preferably 0.1 urn to 
0.20 urn The mean value of c/b is preferably 1 to 6, more preferably 1.05 to 4, still more preferably 1.1 to 3, and 
particularly 1.1 to 2. 

[0257] The particle size distribution of the organic silver salt is preferably monodisperse. Monodisperse means that 
the percentages of the values obtained by dividing the standard deviations of the lengths of the minor and major axes 
10 by the lengths of the minor and major axes, respectively, are preferably 1 00% or less , more preferably 80% or less, 
and still more preferably 50% or less. The shape of the organic silver salt particles can be determined by the image of 
the dispersed organic silver salt particles under a transmission electron microscope. 

[0258] Another method for measuring monodisperse of the particles is to determine the standard deviation of the 
volume weighted average diameter of the organic silver salt particles. The percentage obtained by dividing the standard 

15 deviation by the volume weighted average diameter (variation coefficient) is preferably 100% or less, more preferably 
80% or less, and still more preferably 50% or less. The organic silver salt dispersed in an organic solvent is irradiated 
with a laser beam, and the standard deviation of the volume weighted average diameter can be determined from the 
particle size (volume weighted average diameter) obtained by determining the auto-correlation function of the time 
dependent fluctuation of the scattered light. 

20 [0259] It is more preferable that the photosensitive silver salt is not substantially contained in the organic silver salt 
during dispersion, since fog increases by the mingled photosensitive silver salt to remarkably decrease sensitivity. The 
amount of the photosensitive silver salt dispersed in the aqueous dispersion solution is preferably 1 mol% or less, more 
preferably 0.1 mol% or less, relative to 1 mole of the organic silver salt in the solution and, and still more preferably, 
the photosensitive silver salt is not purposely added. 

25 [0260] In the invention, the photosensitive material can be manufactured by mixing an aqueous dispersions-of the 
organic silver salt with an aqueous dispersion of the photosensitive silver salt, and the mixing ratio of the organic silver 
salt and photosensitive silver salt may be selected depending on the purposes. However, the ratio of the photosensitive 
silver salt to the organic silver salt is preferably in the range of 1 to 30 mol%, more preferably in the range of 2 to 20 
mol%, and still more preferably in the range of 3 to 15 mol%. It is preferably used for controlling photographic charac- 

30 teristics to mix at least 2 kinds of the aqueous dispersion of the organic silver salt with at least 2 kinds of the aqueous 
dispersion of the photosensitive silver salt. 

[0261 ] While a desired amount of the organic silver salt may be used in the invention, the total amount of application 
of silver including the photosensitive silver halide in the heat developable photosensitive material is preferably 0.1 to 
5.0 g/m 2 , more preferably 0.3 to 3.0 g/m 2 , and still more preferably 0.5 to 2.0 g/m 2 as converted into the amount of the 
35 silveratom. Particularly, the total amount of application of silver is 1 .8 g/m 2 or less, and more preferably 1 .6 g/m 2 for 
improving preservative property of the image. A sufficient image density can be obtained at a low silver concentration 
by using the preferable reducing agent of the invention. 

[0262] In the invention, the amount of erucic acid and behenic acid contained in the organic acid is quantified by a 
GC-FID measurement after esterification of the organic acid by treating with diazomethane at 40°C for 30 minutes. 
40 The column used for the GC-FID measurement was DB-1 (30 m (length) x 0.25 mm (diameter), df = 0.25 u/n). The 
organic acid was recrystallized using I PA when the concentration of the organic acid is large, and erucic acid remaining 
in the supernatant was used after concentration. 

[0263] The compound represented by the general formula (2) is preferable in the invention as the reducing agent. 
While examples of the reducing agent in the invention are shown below, the invention is not restricted thereto. 
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[0264] The amount of addition of the reducing agent in the invention is preferably 0.1 to 3.0 g/m 2 , more preferably 
0.2 to 1 .5 g/m 2 , and still more preferably 0.3 to 1 .0 g/m 2 . The proportion of the reducing agent is 5 to 50 mol%, more 
preferably 8 to 30 mol%, and still more preferably 10 to 20 mol% relative to one mole of silver in the face having the 
image forming layer. The reducing agent is preferably added in the image-forming layer. 
5 [0265] The reducing agent is added in the photosensitive material in any form and method including as a solution, 
emulsified dispersion and solid fine dispersion particles. 

[0266] The emulsification and dispersion method known in the art comprises dissolving in an oil such as dibutyl 
phthalate, tricresyl phosphate, glyceryl triacetate or diethyl phthalate, or an auxiliary solvent such as ethyl acetate and 
cyclohexanone, and mechanically forming an emulsified dispersion. 

10 [0267] The method for dispersing the solid fine particles comprises dispersing the powder of the reducing agent in 
an appropriate solvent such as water using a ball mill, colloid mill, vibration ball mill, sand mill, jet mill or roller mill, or 
by ultrasonic wave to form a solid dispersion. A protective colloid (for example, polyvinyl alcohol) and a surfactant (for 
example, an anionic surfactant such as sodium tri-isopropyl naphthalene sulfonate (a mixture of surfactants having 
different substitution sites of three isopropyl groups) ) may be used. Beads of zirconia are usually used as a dispersion 

15 medium in the mills above, and Zr and the like dissolved from the beads may be mixed with the dispersion. While the 
content of Zr is usually in the range of 1 ppm to 1000 ppm, an amount of Zr of 0.5 mg per 1 g of silver is practically of 
no problem. 

[0268] It is preferable to allow an antiseptic (for example, sodium benzo-isothiazoline) to incorporate in the aqueous 
dispersion. 

20 [0269] The reducing agent is preferably used as a solid dispersion in the invention, 
-Development Accelerator- 

[0270] Sulfonamide phenol based compounds represented by the general formula (A) in JP-A Nos. 2000-267222 

25 and 2000-330234, hindered phenol based compounds represented by the general formula (II) in JP-A No. 2001-92075, 
hydrazine based compounds represented by the general formula (I) in JP-A Nos. 10-62895 and 11-15116 and by the 
general formula (I) in Japanese Patent Application No. 2001-074278, and phenol or naphtol based compounds repre- 
sented by the general formula (2) in Japanese Patent Application No. 2000-76240 are preferably used as the devel- 
opment accelerator in the heat developable photosensitive material of the invention. These development accelerators 

30 are used in a proportion in the range of 0.1 to 20 mol%, preferably in the range of 0.5 to 10 mol%, and more preferably 
in the range of 1 to 5 mol%, relative to the reducing agent. While the same introduction method as used for introducing 
the reducing agent into the photosensitive material may be sued, it is preferable to add as a solid dispersion or emulsified 
dispersion. When the accelerator is added as an emulsified dispersion, it is preferably added by using a high boiling 
point solvent that is a solid at room temperature and a low boiling point auxiliary solvent, or as a so-called oilless 

35 emulsified dispersion with no use of the high boiling point solvent. 

[0271] The hydrazine based compounds represented by the general formula (1 ) in Japanese Patent Application No. 
2001-074278, or phenol based or naphthol based compounds represented by the general formula (2) in Japanese 
Patent Application No. 2000-76240 are preferable in the invention among the development accelerators above. 
[0272] While preferable examples of the development accelerators of the invention are shown below, the present 

40 invention is not restricted thereto. 



45 



(A-l) 



(A-2) 



50 




55 



43 



BNSDOCID: <EP 1306720A2_L> 



EP 1 306 720 A2 



(A-3) 



S0 2 CH, 



a 



(A-4) 

a. 



10 



CI 



15 



20 



(A-5) 



(A-6) 




NHNHCONH 



^3 



N ^SOjCHa 



25 



30 



(A-7) 



OH 




— © 



(A-8) 



OH 




a 



35 



(A-9) 



(A-l 0) 



40 



45 





NHCH 2 CH 2 CH 2 0-^^-C 5 H 11 (l) 



[0273] Descriptions of the hydrogen bonding compounds are basically the same as those in the first aspect of the 
invention. While examples of the hydrogen bonding compounds available are shown below, the invention is not re- 
so stricted to these compounds. 
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E ITnn deSC T'° nS ?° Si ' Ver halidS in the f irSt of ,he inven,ion * also used in this aspect. 

[0275] Vanous gela ,n may be used for adding in the photosensitive silver halide emulsion to be used in the invention 

sTtt ESSE f ide , Sh ° Uld be SUffiCient ' y diSperS6d in thS a PP' ication fluid fining the organs "r 

eli^H k ^ 9 , ' S Pref6rably in the ran9e ° f 10 ' 000 to 1 •° 00 - 000 - Substituenrs of gelatin is prX 

a en 7 s 6 in a St!! h0tOSe H SitiVe ^ inVention is P referabl V sensitized combination with chalco- 

gen sens.t.zat.on, or chem,cally sens.tized by itself by gold sensitization. Mono- or trivalent gold is preferable as a goTd 
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sensitizer that is a gold compound usually used. Representative examples thereof include gold chloroaurate, gold 
bromoaurate, potassium chloroaurate, potassium bromoaurate, auric trichloride, potassium auricthiocyanate, potassi- 
um iodoaurate, tetracyanoauric acid, ammonium aurothiocyanate and pyridil trichlorogold. Gold sensitizers described 
in USP NO. 5,858,637 and Japanese Patent Application No. 2001-79450 are also preferably used. 
5 [0277] Chemical sensitization may be applied at any time in the invention provided it is after granulation and before 
application, and it may be (1) before spectral sensitization, (2) simultaneously with spectral sensitization, (3) after 
spectral sensitization, (4) immediately before application, and the like. 

[0278] While an amount of the sulfur, selenium and tellurium sensitizer used in the invention may change depending 
on the silver halide particles and chemical aging condition used and the like, the sensitizer is used in an amount of 
10 about 10* 8 to 10" 2 mole, and preferably about 10" 7 to 10" 3 mole, per one mole of silver halide. 

[0279] While the amount of addition of the gold sensitizer changes depending on various conditions, it is preferably 
10" 7 to 10 -3 mole, and more preferably 10" 6 to 5 x 10' 4 mole, per one mole of silver halide. 

[0280] Although the conditions for chemical sensitization in the invention is not particularly restricted, pH is about 5 
to 8, pAg is about 6 to 11 , and the temperature is about 40 to 95°C. 
15 [0281 ] Thiosulfonic acid compounds may be added in the silver halide emulsion to be used in the invention according 
to the method described in EP No. 293,917. 

[0282] A reduction sensitizer is preferably used in the photosensitive silver halide particles of the invention . Examples 
of the compounds used in the reduction sensitization preferably include ascorbic acid and thiourea dioxide, and use 
of stannous chloride, aminoiminomethane sulfonic acid, hydrazine derivatives, borane compounds, silane compounds, 
20 polyamine compounds and the like is preferable. The reduction sensitizer may be added at any time in the process for 
manufacturing the emulsion from crystal growth to immediately before application. Chemical sensitization is preferably 
proceeded by ripening while maintaining pH of emulsion at 7 or more or pAg thereof at 8.3 or less, respectively. Re- 
duction is preferably sensitized by discretely introducing silver ions during granulation. 

[0283] An FED sensitizer (Fragmentable electron donating sensitizer) as a compound that donate two electrons per 
25 one photon is preferably incorporated into the photosensitive silver halide emulsion in the invention. Preferable exam- 
ples of the FED sensitizer is described in USP Nos. 5,747,235, 5,747,236, 6,054,260 and 5,994,051 , and in Japanese 
Patent Application No. 2001 -861 61 . The FED sensitizer is preferably added at any steps from crystal growth to imme- 
diately before application. While the amount of addition changes depending on various conditions, it is preferably about 
10" 7 mole to 10* 1 mole, and more preferably 10 -6 mole to 5 X 10" 2 mole. 
30 [0284] Descriptions of the binder and latex are the same as those in the first aspect. 

[0285] Descriptions of the organic poly halogen compou nds are also similar to those in the first aspect of the invention . 
In the general formula (4), Q is preferably an aryl group or a heterocyclic group. When Q is the heterocyclic group, it 
is preferably a nitrogen containing heterocyclic group having one to two nitrogen atoms, and is particularly 2-pyridil 
group or 2-quinolyl group. 

35 [0286] While examples of the compound represented by the general formula (4) are shown below, the present in- 
vention is not restricted thereto. 
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S0 2 CBr 5 
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0 2 CBf3 




S0 2 CBr 3 



(H-24) 



-S0 2 CBr 3 



40 [0287] The same descriptions as those in the first aspect of the invention may be applied with respect to the fog 
preventive agent, color control agent, other additives, construction of the layers and matting agent. 
[0288] The conductive layer containing metal oxides is preferably provided in the invention. Metal oxides in which 
conductivity is enhanced by introducing oxygen defects and metallic heteroatoms are preferably used as the conductive 
material in the conductive layer. Preferable examples of the metal oxide include ZnO, Ti0 2 and Sn0 2 , and it is preferable 

45 to add In and Al in Zn0 2 , Sb, Nb, P, halogen element and the like in Sn0 2 , and Nb, Ta and the like in Ti0 2 . Adding Sb 
in Sn0 2 is particularly preferable. The amount of addition of the heteroatom is preferably in the range of 0.01 to 30 
mol%, and more preferably 0.1 to 10 mol%. While the shape of the metal oxide may be any of spherical, needle-like 
and plate-like, needle-like particles with the major axis/minor axis ratio is 2.0 or more, and preferably 3.0 to 50, are 
used. The amount of use of the metal oxide is preferably in the range of 1 mg/m 2 to 1000 mg/m 2 more preferably 10 

so mg/m 2 to 500 mg/m 2 . and still more preferably 20 mg/m 2 to 200 mg/m 2 . 

[0289] While the conductive layer of the invention may be provided at the emulsion layer side or back face side; it 
is preferably provided between the substrate and the back layer. Examples of the conductive layer of the invention are 
described in JP-A Nos. 7-295146 and 11-223901. 

[0290] Fluorine based surfactants are preferably used in the invention. Examples of the fluorine based surfactant is 
55 described in JP-A Nos. 10-197985, 2000-19680 and 2000-214554. The fluorine polymer based surfactants described 
in JP-A No. 9-281636 are also preferably used. Use of the fluorine based surfactant descried in Japanese Patent 
Application No. 2000-206560 is particularly preferable. 
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EXAMPLE 



to th2e examples PfeSent lnV6nti ° n " deSCribed in deta " With refere ™e to examples, the invention is not restricted 
(Example 1) 

(Preparation of PET substrate) 

S nf ^ With 3 sP^iflc viscosity IV of 0. 66 (as measured in a mixed solvent of phenol and tetrachlotoethane in 
a ratio of 6:4 (mass ratio) at 25°C) was obtained by a conventional method using terephthalic acid and ethylene glycol 

Lo" P C ZZZ a t T T" e l' dri6d 31 1 3 °° C ,0r 4 h0UrS ' 3nd Was extmded ,ram a T die memng a 

mroi tk « V que " Ch,n 9- therebv obtaini "9 « "on-drawn film with a thickness of 1 75 urn after heat curing 
[0293] The film was drawn 3.3 times using three rolls with different circumference speeds with each other in the 
ong.tud.nal direct.on, and subsequently drawn 4.5 times in the transverse direction using a tenterhook ThTtempera 

Z*ZTTTT ntS W6re 1 1 °°° 3nd 13 °° C - reSpeCtiV6,y - After heat ^ rina the ' ilm « , J2 TconZ, 
wa^anni m the transverse direction at the same temperature. After slitting the chuck portion, null processing 

was apphedatbothends, and the film was wound under a load of 4 kg/cm* (4x10* Pa) to obtain a roll with a thickness 
or i to um. 

(Surface corona treatment) 

£nri 4 L t f« th ^/A rfaCe H ? ^ SUbStrate W9S P rocessed at 20 "*"'nute using a corona processor (made by Piller Co., 
solid state 6 KVA model). It was confirmed that the substrate was treated at 0.375 kV-A-minute/m^ from the applied 

is^zs^^^ treatment frequency was m ™ z and the gap <*™» b — 

(Preparation of undercoat substrate) 

(1) Preparation of application fluid for undercoat layer Recipe (i) (for photosensitive layer side undercoat layer) 
[0295] 

• Pesresin A-51 5GB (30% by mass solution) made by Takamatsu Oil & Fat Co Ltd 234 g 

' Me?? n^ ene ? ly ?' mononon y | P hen y | ^her (mean ethylene oxide number = 8.5,' 1 0% by mass solution) 21 5 q 
' Z) Sl g ° hemiCal & En9ineerin9 Co ' Ltd < fine P 0, V mer P artic| e. average particle diameter 0.4 

distilled water 744 ml 

Recipe (ii) (for back face first layer) 
[0296] 

• styrene-butadiene copolymer latex (solid fraction 40% by mass, styrene/butadiene weight ratio = 68/32) 1 58q 

• 8 /o by mass of aqueous 2,4-dichloro-6-hydroxy-S-triazine sodium salt solution 20 g 
1% by mass of aqueous sodium laurylbenzene sulfonate 10 ml 

distilled water 854 ml 

Recipe (iii) (for back face second layer) 
0297] 

SnCySbO (mass ratio 9/1 , average particle diameter 0.038 u.m, 1 7% by weight dispersion) 84a 
gelatin (1 0% by mass aqueous solution) 89.2g 

metholose TC-5 (1% by mass aqueous solution, made by Shin-Etsu Chemical Co., Ltd.) 8 6q 
MP-1000 (made by Soken Chemical & Engineering Co., Ltd.) 0.01 g ' 
1 % by mass aqueous sodium dodecylbenzene sulfonate solution 1 0 ml 
NaOH (1% by mass) 6 ml 
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Proxel (made by ICI Co.) 1 ml 
distilled water 805 ml 

(2) Preparation of undercoat substrate 

5 

[0298] After applying corona discharge treatment on both surfaces of the biaxially drawn polyethylene terephthalate 
with a thickness of 1 75 jim, the overcoat application fluid of the recipe (i) above was coated on one face (photosensitive 
layer face) with a wire bar with an wet coating amount of 6.6 ml/m 2 followed by drying at 180°C for 5 minutes. Then, 
„ the overcoat application fluid of the recipe (ii) was coated on the back face of the substrate with the wire bar with an 
10 wet coating amount of 5.7 ml/m 2 followed by drying at 180°C for 5 minutes. Subsequently, the overcoat application 
fluid of the recipe (iii) was coated on the back face of the substrate with the wire bar with an wet coating amount of 7.7 
ml/m 2 followed by drying at 1 80°C for 6 minutes, thereby preparing an undercoat substrate. 

(Preparation of back face application fluid) 

15 

(1) Preparation of dispersion solution (a) of solid fine particles of base precursor 

[0299] Mixed with 220 ml of distilled water were 64 g of a base precursor compound 11 , 29 g of diphenylsulfone and 
10 g of a surfactant (Demol N made by Kao Corporation), and the mixture was dispersed with a sand mill (1/4 gallon 
20 sand grinder mill, made by l.mecs Co.) using beads to obtain a dispersion solution (a) of solid fine particles of a base 
precursor compound with an average particle diameter of 0.2 nm. 

(2) Preparation of dispersion solution of solid fine particles of dye. 

25 [0300] Mixed with 305 ml of distilled water were 9.6 g of a cyanine dye compound 1 3 and 5.8 g of sodium p-dodecyl- 
benzene sulfonate. The mixed solution was dispersed with a sand mill (1/4 gallon sand grinder mill, made by l.mecs 
Co.) to obtain a dispersion solution of solid fine particles of dye with an average particle diameter of 0.2 |xm. 

(3) Preparation of halation preventive layer application fluid 

30 

[0301] Mixed were 17 g of gelatin, 9.6 g of polyacrylamide, 70 g of the dispersion solution (a) of solid fine particles 
of the base precursor, 56 g of the dispersion solution of solid fine particles of the dye, 1 .5 g of monodisperse fine 
particles polymethyl methacrylate (average particle size: 8, standard deviation of particle diameter: 0.4), 0.03 g of 
benzoisothiazolinone, 2.2 g of sodium polyethylene sulfonate, 0.2 g of a blue dye compound 14, 3,9 g of an yellow dye 
35 compound 15, and 844 ml of water to prepare a halation preventive application fluid. 

(4) Preparation of application liquid for back face protective layer 

[0302] After keeping the temperature of a vessel at 40°C, 50 g of gelatin, 0.2 g of sodium polystyrenesulfonate, 2.4 
*o g of N,N-ethylenebis(vinylsulfone acetamide), 1 g of sodium tert-octylphenoxyethoxy ethane sulphonate, 30mg of ben- 
zoisothiazolinone, 37 mg of fluoride based surfactant (F-1: N-perfluorooctylsurfonyl-N-propylalanine potassium salt), 
0.15 g of fluorine based surfactant (F-2: polyethyleneglycol mono(N-perfluorooctylsulfonyl-N-propyl-2-aminoethyl) 
ether [mean degree of polymerization of ethylene oxide; 1 5]), 64 mg of fluorine based surfactant (F-3), 32 mg of fluorine 
based surfactant (F-4), 8.8 g of acrylic acid/ethyl acrylate copolymer (copofymerization ratio 5/95), 0.6 g of aerosol OT 
(made by American Cyanamid Co.), 1.8 g of liquid paraffin as a liquid paraffin emulsion, and 950 ml of water were 
mixed to prepare an application fluid for the back face protective layer. 

(Preparation of silver halide emulsion) 

50 «Preparation of silver halide emulsion A» 

[0303] 3.1 ml of 1% by mass potassium bromide solution was added in 1421 ml of distilled water, followed by adding 
3.5 ml of 0.5 mole/L sulfuric acid and 31 .7 g of gelatin modified with phthalic acid. The solution was kept at 30°C with 
stirring in a stainless steel reaction vessel. A solution (a) prepared by adding distilled water to 22.22 g of silver nitrate 
55 to make 95.4 ml solution, and a solution (b) prepared by diluting 15.3 g of potassium bromide and 0.8 g of potassium 
iodide to make 97.4 ml solution by adding distilled water, were added within 45 seconds at a constant flow rate. 
[0304] Then, 1 0 ml of 3.5% by mass of aqueous hydrogen peroxide solution, and 1 0.8 ml of 1 0% by mass of aqueous 
benzoimidazole solution were added. 
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[0305] Subsequently, a solution (c) prepared by diluting 51 .86 g of silver nitrate to 31 7.5 ml by adding water and a 
solution (d) prepared by diluting 44.2 g of potassium bromide and 2.2 g of potassium iodide to 400 ml by adding distilled 
water were added within 20 minutes. The flow rate of the solution (c) was kept constant, while the solution (d) was 
added by a controlled double jet method so as to maintain pAg at 8.1 . 

[0306] Potassium hexachloroiridate (III) was added 1 0 minutes after starting of addition of the solutions (c) and (d) 
so that the proportion of the iridium becomes 1x10-4 mole per one mole of silver. An aqueous solution of potassium 
hexacyano iron (II) was also added 5 seconds after completing the addition of the solution (c) so that the proportion 
of indium becomes 3 x 1 0" 4 mole per one mole of silver. The pH of the solution was adjusted to 3.8 using 0 5 mole/L 
sulfunc acid, followed by precipitation, desalting and washing with water by stopping stirring. 

[0307] The solution was adjusted to pH 5.9 with 1 mole/L sodium hydroxide solution, and a dispersion of silver halide 
with pAg of 8.0 was prepared. 

[0308] Chemical sensitization was performed as follows. The silver halide dispersion was maintained at 38°C with 
stirring, and 5 ml methanol solution of 0.34% by mass of 1 ,2-benzointhiazoline-3-one was added After 40 minutes a 
methanol solution containing the spectral sensitizing dye (a) and spectral sensitizing dye (b) in 1:1 molar ratio was 
added with a combined proportion of the spectral sensitizing dyes (a) and (b) of 1 .2 x 1 0-3 mole per one mole of silver 
and the temperature of the solution was increased to 47°C after 1 minute. 

[0309] After 20 minutes of the temperature increase, sodium benzenesulfonate was added in a proportion of 7 6 x 
1 0-s mole per one mole of silver and, 5 minutes thereafter, the tellurium sensitizer B was added in a proportion of 3 5 
x 10- mole per one mole of silver with ripening for 91 minutes. Subsequently, 1.3 ml of 0.8% by mass methanol 
solution of N,N'-dihydroxy-N"-diethylamine was. added and. 4 minutes thereafter, a methanol solution of 5-methyl- 
2-mercaptobenzimidazole (MMBI) and a methanol solution of 1 -phenyl-2-heptyl-5-merapto-1 ,3,4-triazole (PHMT) were 
added in the proportions of 4.8 x 1 0-3 mo | e and 5.4x1 0-3 mole, respectively, per one mole of silver, thereby preparinq 
the silver halide emulsion A. a 
[031 0] The particles in the silver halide particles prepared were silver bromide particles with an average equivalent- 
circle diameter of 0.042 u,m with a variation coefficient of 20% uniformly containing 3.5 mole of iodine. The particle size 
or the like was determined as a mean value of the diameters of 1000 particles using an electron microscope The 
proportion of the {1 00} face of this particle was determined to be 80% using a Kubelka-Munk method. 

«Preparation of silver halide emulsion B» 

[0311] The silver halide emulsion B was prepared by the same method used in preparation of the silver halide emul- 
sion A, except that the liquid temperature for forming the particles was changed from 30°C to 49°C, the volume of the 
solution (b) was changed by diluting 1 5.9 g of potassium bromide to 97.4 ml by diluting with distilled water the volume 
of the solution (d) was changed by diluting 45.8 g of potassium bromide to 400 ml by diluting with distilled water the 
time for adding the solution (c) was changed to 30 minutes, and potassium hexacyano iron (II) was not added Precip- 
itation, desalting, washing with water and dispersion were also carried out as in the preparation of the silver halide (1) 
Chemical sensitization was performed as follows. The amount of addition of a methanol solution, containing the spectral 
sensitizing dye (a) and spectral sensitizing dye (b) in 1 :1 molar ratio, was changed to 7.5 x 1(H mole per one mole 
of silver as a sum of the spectral sensitizing dyes (a) and (b). The amount of addition of the tellurium sensitizer B was 

?.«^ ed t0 4-3 X 10 " 5 m ° le P6r ° ne mole of silver The amount of a d°'t'on of 5-methyl-2-mercaptobenzimidazole 
(MMBI) as a methanol solution was changed to 1 .8 x 1 0-3 mole per one mole of silver, and the amount of addition of 
1 -phenyl-2-heptyl-5-mercapto-1 ,3,4-triazole (PHMT) was changed to 3.3 x 1 0-3 mole per one mole of silver. Spectral 
sensitization and chemical sensitization conditions as well as addition of 5-methl-2-mercaptobenzimidazole and 1 -phe- 
nyl-2-heptyl-5-mercapto-1 ,3,4-triazole were carried out as in preparing the silver halide emulsion A, thereby obtaining 
the silver halide emulsion B. The particles of the silver halide emulsion (2) were cubic particles of pure silver halide 
with an average equivalent-circle diameter of 0.08 urn and variation coefficient of the equivalent-circle diameter of 1 5%. 

«Preparation of silver halide emulsion C» 

[0312] The silver halide emulsion C was obtained by the same method as preparing the silver halide particle A 
except that 1 .4 x 1 03 mole of a sum of the spectral sensitizing dyes (a) and (b) was added per one mole of silver for 
chemical sensitization, and an aqueous solution of a mercapto compound (exemplified compound 1 -1 7) as a compound 
represented by the general formula (1) was prepared as shown below and added in a proportion of 1 3 x 10-2 mote 
per one mole of silver, in place of adding 5-methyl-2-meraptobenzimidazole and 1 -phenyl-2-heptyl-5-mercapto- 
1 ,3,4-triazole. The particles of the silver halide emulsion C had an average equivalent-circle diameter of 0 042 urn and 
the variation coefficient of the equivalent-circle of 20%. The silver halide particles were silver iodide particles with 
uniformly distributed iodine proportion of 3.5 mol%. 
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«Preparation of compound represented by the general formula 

[0313] After completely dissolving 2 g of the mercapto compound (1 -17) by adding 0.34 g of NaOH and 100 ml of 
water, pH of the solution was adjusted to 7.0 with citric acid. 

5 

«Preparation of silver halide emulsion D» 

[0314] The silver halide emulsion D was obtained by the same method as preparing the silver halide emulsion B, 
except that the aqueous solution of the mercapto compound (1-17) prepared as described above was added in a 
10 proportion of 4.7 x 1 0" 2 mole per one mole of silver in place of adding 5-methyl-2-mercaptobenzimidazole and 1 -phenyl- 
2-heptyl-5-mercapto-1 ,3,4-triazole. 

(Preparation of organic acid silver salt dispersions A to G) 

15 [0315] Mixed were 258.5 mole of an organic acid, 423 L of distilled water, 49.2 L of 5 mole/L aqueous NaOH solution 
and 120 1 of t-butanol in a composition ratio as shown in Table 1 , and the mixture was allowed to react at 75°C for 1 
hour with stirring to obtain a solution of sodium salt of the organic acid. 

[0316] Separately prepared was 206.2 L of an aqueous solution (pH 4.0) containing 40.4 kg of silver nitrate, and the 
solution was kept at 1 0°C. A reaction vessel containing 635 L of distilled water and 30 L of t-butanol was kept at 30°C, 

20 the total volume of the organic acid sodium solution and the total volume of the aqueous silver nitrate solution were 
added, respectively, in 93 minutes and 14 seconds and 90 minutes at a constant flow rate with thorough stirring. Only 
the aqueous silver nitrate solution was added for 1 1 minutes after initiating addition of the aqueous silver nitrate solution, 
addition of the organic acid sodium salt was started thereafter, and only the organic acid sodium salt was added for 
14 minutes and 15 seconds after completing addition of the aqueous silver nitrate solution. 

25 [0317] The reaction temperature in the reaction vessel was adjusted as described in Table 1 , and the externaLtem- 
perature was controlled so as to maintain the constant temperature of the reaction solution. The piping system for 
adding the organic acid sodium salt was kept at a constant temperature by circulating warmed water at the outer space 
of the double wall pipe, so that the liquid temperature of the outlet at the tip of the nozzle is controlled at 75°C. The 
temperature in the piping system of the aqueous silver nitrate solution was maintained by circulating cooled water in 

30 the outer space of the double wall pipe. The position of addition of the organic acid sodium salt and the position of 
addition of the aqueous silver nitrate were disposed in symmetrical relation with each other relative to the center of the 
stirreraxis, and the positions were adjusted so as not to touch the reaction solution. 

* Table 1 



unit: mol% 


Dispersion of organic acid silver salt 


Silver stearate 


Silver arachidate 


Silver behenate 


Silver lignocerate 


A 


5.0 


6.0 


87.0 


2.0 


B 


1.5 


8.5 


87.0 


3.0 


C 


1.0 


6.0 


91.0 


2.0 


D 


1.5 


7.0 


91.0 


1.5 


E 


1.0 


3.0 


94.0 


2.0 


F 


0.5 


2.0 


95.0 


2.5 


G 


0 


0.7 


96.5 


1.8 


Reaction temperature in reaction vessel: 30°C ! 



so «Ripening/centrifugal filtration» 

[0318] After completing addition of the organic acid sodium solution, the solution was left at that temperature with 
stirring for 20 minutes. The temperature was increased to 35°C in 30 minutes, followed by ripening for 210 minutes. 
The solid fraction was filtered off by centrifugal filtration immediately after ripening, and was washed with water until 
55 the conductivity of water after filtration of the solid fraction decreases to 30 fiS/cm. The wet cake was made to be a 
slurry by adding pure water followed by filtration, and this procedure was repeated 3 times in order to facilitate con- 
ductivity to decrease. The wet cake of organic silver was centrifuged under a centrifugal force G of 700 for 1 hour. G 
is represented by 1 .119 X 10* 5 x radius of vessel (cm) X rotational speed (rpm) 2 . The solid fraction of the wet cake 
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of the organic acid silver salt (as measured by drying 1 g of the wet cake at 1 1 0°C for 2 hours) thus obtained was 44%. 
«Preliminary dispersion» 

[0319] Added to the wet cake corresponding to 260 kg of the dried solid fraction were 19.3 g of polyvinyl alcohol 
(trade name: PVA-21 7) and water, 1000 kg in total of the mixture was formed into a slurry with a dissolver blade and 
was further preliminarily dispersed with a pipe line mixer (PM-1 0 made by Mizuho Industries Co.). 

« Final dispersion» 

[0320] The starting liquid after pre-dispersion was processed three times by adjusting the pressure of the dispersing 
£™ ( f ?^ ^ rof !r| di2er M - 610 «»mg a Z-type interaction chamber made by Micro-Fluidex International 
Corporation) at 1260 kg/cm* (12.6 MPa) to obtain a dispersion of the organic acid silver salt (dispersion of silver be- 
henate). The characteristic values of the shape of the dispersion was the same as those after washing with water The 
d,spers.on was cooled by providing coil-type heat exchangers at the front and rear sides of the interaction chamber 
and the dispersion temperature was adjusted to 1 8°C by controlling the temperature of the coolant 
[0321] The volume weighted average diameter (the equivalent-circle diameter) was 0.48 urn, the variation coefficient 
of the volume we.ghted average diameter was 23%, the ratio of the major axis "c» to the minor axis »b" of particle (the 
long.tudmal to transverse ratio) was 1 .4, and the aspect ratio was 2.4 with respect to the organic silver salt particles 
contained in the organic silver salt dispersion F. The particle size was measured with Master SizerX made by Malvern 
Instruments Ltd. ' 

«Preparation of dispersion of reducing agent 1» 

Sn^nL^tT int ° 10 1" 9 ° f rSdUCing a9ent " 1 0 ' 1 - bis ( 2 - h y drox y- 3 . 5 -dimethylphenyl)-3,6,5-trimethylhexane) and 
1 0 kg of 20 /o by mass of aqueous solution of modified polyvinyl alcohol (Poval MP203 made by Kuraray Co Ltd ) was 

16 kg of water, and the mixture was thoroughly stirred to form a slurry. 

[0323] The slurry was sent with a diaphragm pump, and after dispersing for 3 hours and30minutes using a horizontal 
type sand mill filled with zirconia beads with an average diameter of 0.5 mm, the concentration of the reducing agent 
TdipeSn maSS ^ addinQ 0 2 9 ° f S ° diUm benzoisothiazolinone water to obtain the reducing agent- 

[0324] The reducing agent particles contained in the reducing agent-1 dispersion had a median diameter of 0 42 urn 
and a maximum particle diameter of 2.0 urn. The educing agent-1 dispersion obtained was filtered with a polypropylene 
filter with a pore diameter of 1 0.0 urn to remove foreign substances such as dusts. 

« Preparation of dispersion of reducing agent-2» 

[0325] A slurry was prepared by mixing 10 kg of the reducing agent-2 (2 : 2'-isobutylifdene-bis-(4,6-dimethyloenol)) 

40 mifi, ™ P T ,ny alCOh °' (P ° Val MP2 ° 3 made by Kuraray Co - Ltd > with 16 k 9 of water borough stirring. 
Enn L„ mf/M T TifT 3 diaphra9m P um P' and after aspersing for 3 hours and 30 minutes with a horizontal 
sand mill (UVM-2 made by l.mecs Co.) filled with zirconia beads with an average diameter of 0.5 mm, the concentration 
of the reducing agent was adjusted at 25% by mass by adding 0.2 g of sodium benzoisothiazolinone and water to 
obtain the reducing agent-2. 

« [ ? 27 | n J? 6 redUCin9 agem partiC ' eS contained in the reducing agent-2 dispersion thus obtained had a median diam- 
eter of 0.38 pm and a maximum particle diameter of 2.0 urn. The reducing agent dispersion obtained was filtered with 
a polypropylene filter with a pore diameter of 1 0.0 jim to remove foreign substances such as dusts. 

« Preparation of dispersion of reducing agent-3 complexes» 

so [0328] Mixed with through mixing to 10 kg of the reducing agent-3 complex (1:1 complex of 2.2'-methyleneb- 
is-(4-ethyl-6-t-butylphenol) and triphenyl phosphine oxide) 0.12 kg of triphenyl phosphine oxide and 16 kg of 10% by 
mass of an aqueous solution of modified polyvinyl alcohol (Poval MP203 made by Kuraray Co Ltd ) were 7 2 ka of 
water to form a slurry. 7 a 

[0329] The slurry was sent with a diaphragm pump and, after dispersing with a horizontal sand mill (UVM-2 made 
by l.mecs Co.) filled with zirconia beads with an average diameter of 0.5 mm for 4 hours and 30 minutes, the concen- 
ration of the reducing agent was adjusted to 25% by mass by adding 0.2 g of sodium benzoisothiazolinone and water 
to obtain the dispersion of the reducing agent-3. The reducing agent particles contained in the dispersion of the reducing 
agent-3 complex had a median diameter of 0.46 urn, and a maximum particle diameter of 1 .6 urn. The dispersion of 
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the reducing aget-3 obtained was filtered with a polypropylene filter with a pore diameter of 3.0 ^im to remove foreign 
substances such as dusts. 

« Preparation of dispersion of reducing agent-4» 

5 

[0330] Added to 10 kg of the reducing agent-4 (2,2'-methylenebis-(4-ethyl-6-t-butylpehnol)) and 20 kg of 10% by 
mass of aqueous solution of modified polyvinyl alcohol (Poval MP203 made by Kuraray Co., Ltd.) was 6 kg of water 
to obtain a slurry by mixing with thorough stirring. 

[0331] The slurry was sent with a diaphragm pump and, after dispersing with a horizontal sand mill (UVM-2 made 
10 by l.mecs Co.) filled with zirconia beads with an average diameter of 0.5 mm for 3 hours and 30 minutes, the concen- 
tration of the reducing agent was adjusted to 25% by mass by adding 0.2 g of sodium benzoisothiazolinone and water 
to obtain the dispersion of the reducing agent-4. 

[0332] The particles of the reducing agent contained in the dispersion of the reducing agent-4 complex had a median 
diameter of 0.40 u.m, and a maximum particle diameter of 1.5 u,m. The dispersion of the reducing agent-4 obtained 
15 was filtered with a polypropylene filter with a pore diameter of 3.0 jim to remove foreign substances such as dusts. 

«Preparation of dispersion of reducing agent-5» 

[0333] Added to 1 0 kg of the reducing agent-5 (2,2'-methylenebis-(4-methyl-6-t-butylpehnol)) and 20 kg of 1 0% by 
20 mass of aqueous solution of modified polyvinyl alcohol (Pova! MP203 made by Kuraray Co., Ltd.) was 6 kg of water 
to obtain a slurry by mixing with thorough stirring. 

[0334] The slurry was sent with a diaphragm pump and, after dispersing with a horizontal sand mill (UVM-2 made 
by l.mecs Co.) filled with zirconia beads with an average diameter of 0.5 mm for 3 hours and 30 minutes, the concen- 
tration of the reducing agent was adjusted to 25% by mass by adding 0.2 g of sodium benzoisothiazolinone and water 
25 to obtain the dispersion of the reducing agent-5. .> 

[0335] The reducing agent particles contained in the dispersion of the reducing agent-5 had a median diameter of 
0.38 u.m, and a maximum particle diameter of 1 .5 uxn. The dispersion of the reducing agent-5 obtained was filtered 
with a polypropylene filter with a pore diameter of 3.0 urn to remove foreign substances such as dusts. r* - ; 

30 «Preparation of hydrogen bonding compound-1 » 

[0336] Mixed to 1 0 kg of the hydrogen bonding compound-1 (tri(4-t-butylphenyl)phosphine oxide) and 20 kg of 1 0% 
by mass of aqueous solution of modified polyvinyl alcohol (Poval MP203 made by Kuraray Co., Ltd.) was 10 kg of 
water with thorough mixing to prepare a slurry. 
35 [0337] The slurry was sent with a diaphragm pump and, after dispersing with a horizontal sand mill (UVM-2 made 
by Imex Co.) filled with zirconia beads with an average diameter of 0.5 mm for 3 hours and 30 minutes, the concentration 
of the reducing agent was adjusted to 22% by mass by adding 0.2 g of sodium benzoisothiazolinone to obtain the 
dispersion of the hydrogen bonding compound-1 , 

[0338] The particles of the hydrogen bonding compound contained in the dispersion of the hydrogen bonding com- 
40 pound-1 had a median diameter of 0.35 pm, and a maximum particle diameter of 1 .5 u.m. The dispersion of the hydrogen 
bonding compound-1 obtained was filtered with a polypropylene filter with a pore diameter of 3.0 ujti to remove foreign 
substances such as dusts. 

«Preparation of dispersion of organic polyhalogen compound-1 » 

45 

[0339] Added and thoroughly mixed were 1 0 kg of the organic polyhalogen compound-1 (2-tribromomethanesulfonyl 
naphthalene), 10 kg of 20% by mass aqueous solution of modified polyvinyl alcohol (Povai MP203 made by Kuraray 
Co., Ltd.), 0.4 kg of 20% by mass of aqueous solution of sodium triisopropylnaphthalene sulfonate and 1 6 kg of water 
to obtain a slurry. The slurry was sent with a diaphragm pump and, after dispersing with a horizontal sand mill (UVM- 

50 2 made by Imex Co.) filled with zirconia beads with an average diameter of 0.5 mm for 5 hours, the concentration of 
the organic polyhalogen compound was adjusted to 23.5% by mass by adding 0,2 g of sodium benzoisothiazolinone 
and water to obtain the dispersion of the organic polyhalogen compound-1 . The particles of the organic polyhalogen 
compound contained in the dispersion of the organic polyhalogen compound-1 had a median diameter of 0.36 u,m, 
and a maximum particle diameter of 2,0 |xm . The dispersion of the organic polyhalogen compound-1 obtained was 

55 filtered with a polypropylene filter with a pore diameter of 10.0 p.m to remove foreign substances such as dusts. 
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«Preparation of dispersion of organic polyhalogen compound-2» 

£l1S?25S fflW WSre 1 ,° k9 ° f 0f9aniC po, V ha, °9 en compound-2 (tribromomethanesu.fonyl 
Ltd r 0 4 ko oflnl h y f qUe ° US S ° ,Ut,0n ° f m ° dified POlyvinyl alcoho1 < Poval MP203 ™de by Kuraray Co 
oSain a " * S ° diUm ""P"** naphthalene sulfonate and 1 4 kg of water to 

b?imlc T o h HnS!Th aSSent -T adiapnra9m pump and ' after dis P ers i"9 with a horizontal sand mill (UVM-2 made 

ob S h COmpound «: aS adjUSted t0 26% b V mass b V ^ing 0.2 g of sodium benzoisothiazolinone and waTerto 
obtain the dispersion of the organic polynalogen compound-2 

comnLnH^h?' 0163 ? the ° rganic P^balogen compound contained in the dispersion of the organic polynalogen 
IZZ n.'L 3 3 mS a " d ' ameter ° f 0 41 » un ' and 3 maximum particle diameter of 2 0 nm. The dispersfon oHhe 

« Preparation of dispersion of organic polyhalogen compound-3» 

Sj;; 6 " ^d thoroughly mixed were 1 0 kg of the organic polyhalogen compound-3 (N-butyl-3-tribromometh- 

*™S£ nz wtZ«™°? by mass aqueous so,ution of modified polyvinyi a,coho ' < povai mp2 ° 3 ^ 

kg of water fo o'b^a slur^ * ° f ^ ° f SOdiUm naphthalene sulf °" a < a «- 8 

b^L£ e ^jr Sent T 3 diaphra 9 m pum P an * after d «P^ing with a horizontal sand mill (UVM-2 made 
by Imex Co.) filled with z.nconia beads with an average diameter of 0.5 mm for 5 hours, the concentration of the orqanic 
polyha.ogen compound was adjusted to 25% by mass by adding 0.2 g of sodium benzoisothiazo.inone and wat e r T^e 

ss nzrjs! ;r° for 5 houre to obtain the dispersion ° f tne ° rganic c^tr 

co^nLnH q particles of the organic polyhalogen compound contained in the dispersion of the organic pdyhalogen 
compo und- 3^ had a median diameter of 0.36 p.m, and a maximum particle diameter of 1 .5 m . The disperston oftte 

= s=sr was fiitered wfth a poi ~ e - - a - s r, 6 

«Preparation of phthalazine compound-1» 

SSTlsSS'SJ hJmtf R f 9 ° f W3ter W8 f 8 k9 ° f m ° difled POlyvinyl alcoho1 MP203 made b V Kuraray Co., Ltd., 
mass aoulo,?! It a <^s.sodium triisopropyl naphthalene sulfonate solution and 14.28 kg of 70% by 

impound 1 C ° mP0Und - 1 ( 6 - is °P r °Py' Phthalazine) were added to prepare 5% by mass of phthalazine 

«Preparation of aqueous mercapto compound-T solution» 

l ^smtoaTj^oA° f Wat6r V 38 7 9 ° f the merCapt ° ^P 0 ""^ d -(3-sulfophenyl)-5-mercaptotetrazol so- 
aium salt) to prepare 0.7% by mass of aqueous solution. 

«Preparation of pigment-1 dispersion» 

!^ 4 f I A S ' Urry D was pre P ared by Adding C. I. Pigment Blue 60 and Demol N made by Kao Corporation in water with 

S rePared and P ' aCed 3 V6SSel t09etner w,th s,ur *Y were 8 °° 9 of zirconia bLs wZTSiS 

CoTf^sTolToot I £ mbAUre T diSPe,Bed " 3 diSPerSi " 9 aPParatUS < 1 ' 4G Sand 9 rind - mi » ™ da b^ -ex 
ohtiin J f h h P ' 9ment " 1 dis P ersion - P'°™nt particles contained in the pigment-1 dispersion thus 

obtained had an average particle diameter of 0.21 urn. fusion mus 

« Preparation of SBR latex» 

[0349] An SBR latex with Tg of 23°C was prepared as follows 

[0350] After emulsion polymerization of 70.5 parts by mass of styrene, 26.5 parts by mass of butadiene and 3 Darts 
SIT! ^ ^ USin9 amm ° niUm Pereu ' fate aS a P*»»*-«o» initiator and anionic surfactant Z an "emuisS 
Lmmont *" * ^ ^ Pr ° dUCt W3S C °°' ed t0 40 ° C - the P H wa * ad J-ted to 7 0 with Tqieous 

oulntlv the OH oHhf [ madS ^ ? ny ° ChemiCal ' ndUStrieS Ltd ) WaS added in a -ncintration of 0.22% Subse 
quently, the pH of the solut.on was adjusted to 8.3 by adding 5% aqueous sodium hydroxide followed by adjusting to 
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pH 8.4 with aqueous ammonia. The ratio of Na + ion to NH 4+ ion used herein was 1 :2.3. The SBR latex solution was 
prepared by adding 0.15 ml of 7% aqueous solution of sodium benzoisothiazolinone into 1 kg of this solution. 

SBR latex (-St (70.5)) - Bu (26.5) - AA (3) latex) 
Tg 23°C 

[0351 ] The latex had an average particle diameter of 0. 1 u,m, a concentration of 43% by mass, an equilibrium moisture 
10 content at 25°C and 60% RH of 0.6% by mass, an ionic conductivity of 4.2 S/cm (the ionic conductivity was measured 
using a conductivity meter CM-30 made by DKK-TOA Corporation at 25°C using a neat latex solution (43% by mass)), 
and pH of 8.4. 

[0352] The latex having different Tg was also prepared by the same method above by appropriately changing the 
proportion of styrene and butadiene. 

15 

«Preparation of emulsion layer (photosensitive layer) application fluid-1 » 

[0353] Sequentially added were 1000 g of the dispersion A of the organic acid silver salt, 125 ml of water, 91 g of 
the reducing agent-2 dispersion, 27 g of the pigment-1 dispersion, 82 g of the dispersion of the organic polyhatogen 

20 compound-1 , 40 g of the dispersion of the organic polyhalogen compound-2, 173 g of the dispersion of the phthalazine 
compound-1 , 1 082 g of the SBR latex (Tg 20.5°C) solution and 9 g of the mercapto compound-T. Then, a mixture of 
1 1 1 g of the silver halide emulsion-A and 47 g of the silver halide emulsion-B were added immediately before application 
to obtain the application fluid-1 for the emulsion layer (photosensitive layer) with thorough stirring. The solution was 
directly sent to a coating die for application. 

25 [0354] The viscosity of the emulsion layer (photosensitive layer) application fluid-1 was 85 mPa-s at 40°C as meas- 
ured with a B-type viscometer (No. 1 rotor, 60 rpm) made by Tokyo Instrument Co. ::z 
[0355] The viscosity of the application fluid measured at 25°C using RFS Fluid Spectrometer made by Rheometrix 
Far-East Co., was 1500, 220, 70, 40 and 20 (mPa-s) at shear speed of 0.1 , 1 , 10. 100 and 1000 (1/sec), respectively. 

30 « Preparation of emulsion layer (photosensitive layer) application fluid-2» 

[0356] The emulsion layer (photosensitive layer) application f luid-2 was prepared with thorough mixing by the same 
method as preparing the emulsion layer (photosensitive layer) application fluid-1 , and was directly sent to a coating 
die for application, except that a mixture of 111 g of the silver halide emulsion C and 47 g of the silver halide emulsion 
35 D was added immediately before application in place of adding a mixture of 111 g of the silver halide emulsion A and 
47 g of the silver halide emulsion B in the emulsion layer (photosensitive layer) application fluid-1 . 

«Preparation of the emulsion layer (photosensitive layer) coating fluids 3 to 10» 

40 [0357] The emulsion layer application fluids 3 and 5 to 10 were prepared by the same method as preparing the 
emulsion layer application fluid-2, and the emulsion layer application fluid-4 was prepared by the same method as 
preparing the emulsion layer application fluid-1 , and each emulsion layer application fluid was directly sent to a coating 
die for application, except that the organic acid silver salt dispersions described in the samples 3 to 1 0 in Table 2 was 
used for the organic acid silver salt dispersion A, and the mercapto compounds (MMBI.and PHMT) and mercapto 

45 compounds (1 to 17) added in preparing the silver halide emulsion were changed to those in the samples 3 to 10 in 
Table 2 with the timing of addition in the table. 

«Preparation of emulsion layer (photosensitive layer) application fluid-1 9» % 

so [0358] Sequentially added were 1 000 g of the organic acid silver salt dispersion F obtained above ; 1 04 ml of water, 
30 g of the pigment-1 dispersion, 21 g of the organic polyhalogen compound-2 dispersion, 69 g of the organic poly- 
halogen compound-3 dispersion, 1 73 g of the phthalazine compound-1 dispersion, 1 082 g of the SBR latex (Tg 23°C), 
258 g of the reducing agent complex-3 dispersion and 9 g of the aqueous mercapto compound (1-17) solution. The 
emulsion layer (photosensitive layer) application fluid-1 9 was prepared by adding 108 g of the silver halide emulsion 

55 c and 50 g of the silver halide emulsion D with thorough stirring. 
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«Preparation of emulsion layer (photosensitive layer) application fluid-29» 

[0359] Sequentially added were 1000 g of the organic acid silver salt dispersion F obtained above, 95 ml of water 
73 g of the reducing agent-4 dispersion. 68 g of the reducing agent-5 dispersion. 30 g of the pigment-1 dispersion 21 
H .I 9 ?™ P0lyhal09en «>mpound-2 dispersion, 69 g of the organic polyhalogen compound-3 dispersion, 173 g 
L ™™ T t e COm P° Und - 1 so,ution ' 1 082 9 of the SBR core/shell type latex (core Tg 20°C/shell Tg 30°C; weight 
rat o 70/30) solution, 1 24 g of the hydrogen bonding compound-1 dispersion, and 9 g of the mercapto compound (1 -17) 
solution. The emulsion layer (photosensitive layer) application fluid-29 was prepared by adding 90 g of the silver halide 
m.xed emuls.cn C and 68 g of the silver halide mixed emulsion D with thorough stirring. 

«Preparation of emulsion intermediate layer application fluid» 

E ™ u MiXed W6re 772 9 ° f 10% aaueous solution of Polyvinyl alcohol PVA-205 (made by Kuraray Co Ltd ) 5 3 q 

0 20 /o by mass of dispersion of the pigment, a mixture prepared by adding 2 ml of an aqueous 5% by mass solution 
of aerosol OT (made by American Cyanamid Co.) into 226 g of methyl methacrylate/styrene/butyl acrylate/hydroxyme- 
thyl methacrylate/acrylic acid copolymer (copolymerization ratio of 64/9/20/5/2 in weight ratio), 1 0.5 ml of 20% by mass 
of aqueous diammonium phthalate, and the intermediate layer application fluid was prepared by adding water into the 
mixture so that the total weight becomes 880 g, and by adjusting pH to 7.5 with NaOH. The application fluid was sent 
to a coating die with an application area density of 1 0 ml/m 2 . 

20 [0361 J The viscosity of the application fluid was 21 mPa-s at 40»C as measured with a B-type viscometer (No 1 
rotor, 60 rpm). x 

«Preparation of application fluid of protective first layer of emulsion face» 

35 I?!! 21 J.T I* 9e 'f ? i 64 9) WaS diSS0 ' V6d in Water ' and 80 9 of a 27£5% bv mass soluti °n <* methyl methacrylate/ 

1 «hTS a o?TT?™T th * methacr y ,ate/ acr V |ic acid copolymer latex (copolymerization ratio 64/9/20/5/2 in 
we.ght rat.o 23 ml of 10% by mass methanol solution of phthalic acid, 23 ml of 10% by mass aqueous solution of 
4-methyl phthalic acid, 28 ml of 0.5 mole/I sulfuric acid, 5 ml of 5% by mass aqueous solution of aerosol OT (made by 

30 «Z r ^T? an T , » Z* 9 ° f P henox y ethano1 . and 0.1 g of benzoisothiazo.inone were added to the aqueous 
solution. The application fluid was prepared by adding water to a total weight of 750 g, and 26 ml of 4% by mass solution 

™ZT T ^ 3dd f d and m ' Xed With 3 St3tic mixer immediate| y b^re application. The mixture was sent to 
a coating die with an area density of 1 8.6 ml/m 2 . 

roto^eo J 1 r e ) ViSCOSity 0f 016 a PP |icati °n was 17 mPa-s at 40°C as measured with a B-type viscometer (No. 1 

35 

« Preparation of application fluid of protective second layer of emulsion face» 

E2I2 S°m 9) d, ' SS °' Ved and 102 9 of a 27 '5% by mass solution of methyl methacrylate/ 

styrene/butyl acryla te/hydroxyethyl methacrylate/ acrylic acid copolymer latex (copolymerization ratio 64/9/20/5/2 in 
weight ratio), 3.2 ml of 5% by mass solution of a fluorine based surfactant (F-1 : N-perfluorooctyl sulfonyl-N-propyla- 
lanme potassium salt) 32 ml of 2% by mass aqueous solution of a fluorine based surfactant (F-2: polyethylenegh/col 

^° n ? ( ^of !! OOCtylSUlf0nyl " N " pr0Py| - 2 - amin0ethy,)ether l mean de 9 ree of Polymerization of ethylene oxide = 151) 
23 ml of 5 /o by mass aqueous solution of aerosol OT (made by American Cyanamid Co.), 4 g of polymethyl methacrvlate 
f.ne parades (average particle diameter 0.7 um). 21 g of polymethyl methacrylate fine particles (average particie di- 
ameter 4 5 urn) 1 6 g of 4-methylphthalic acid, 4.8 g of phthalic acid, 44 ml of 0.5 mole/L of sulfuric acid and 1 0 mg of 
ben Z oisoth.azolinone were added to the aqueous solution. The application fluid was prepared by adding water to a 
total weight of 650 g, and 445 ml of an aqueous solution comprising 4% by mass of chromium alum and 67% by mass 
of phthalic acid was added and mixed with a static mixer immediately before application as an application fluid of the 
surface protective layer. The mixture was sent to a coating die with an area density of 8 3 ml/m 2 

50 I? 651 x viscosity of the a PP'ioation fluid was 9 mPa-s at 40°C as measured with a B-type viscometer (No 1 rotor 
60 rpm). ' 

[Preparation of heat developable image recording material] 
55 «Preparation of heat developable image recording materials 1 to 1 0» 

[0366] An application fluid of the halation preventive layer and an application fluid of the back face protective layer 
were s.multaneously applied on the back face side of the undercoat substrate so that the amount of application of the 
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solid fraction of the fine solid dye particles is 0.04 g/m 2 in the halation preventive layer, and the amount of application 
of gelatin is 1 .7 g/m 2 in the back face protective layer. The back layer was formed after drying. 
[0367] A sample of the heat developable image recording material was prepared by simultaneously applying the 
emulsion layer (photosensitive layer), intermediate layer, protective first layer and protective second layer on the un- 

5 dercoat layer of the opposed face to the back face in this order by a slide beads application method. The emulsion 
layer and intermediate layer were applied by adjusting the temperature at 31 °C, the protective first layer was applied 
by adjusting the temperature at 36°C, and the protective second layer was applied by adjusting the temperature at 37°C. 
[0368] The heat developable image recording materials prepared using the emulsion layer (photosensitive layer) 
application fluids 1 to 10 were used as the heat developable image recording materials 1 to 10 (samples 1 to 10). The 

10 amount of application (g/m 2 ) of each compound in each emulsion layer was as follows: 

organic acid silver salt dispersion (Table 2) 6.1 9 

reducing agent-1 0.67 

reducing agent-2 0.54 
15 . pigment (C. I. Pigment Blue 60) 0.032 

organic polyhalogen compound-1 0.46 

organic polyhalogen compound-1 0.25 

phthalazine compound-1 0.21 
. SBR latex 11.1 
20 . mercapto compound 0.002 

silver halide (as Ag) 0.145 

[0369] The drying condition was as follows. 

[0370] The coating speed was 160 m/min., the space between the tip of the coating die and the substrate was 0.10 
25 to 0.30 mm, and the pressure of he vacuum chamber was adjusted to be 196 to 882 Pa lower than the atmospheric 
pressure. Electrification was quenched by ion flow before application 

[0371] After cooling the application fluid in a chilling zone by blowing dry, air of 10 to 20°C as measured with-a dry- 
bulb thermometer, the application fluid was transported by non-contact transportation, and was dried with dry air flow 
in a coiled type non-contact drying chamber at a dry-bulb temperature of 23 to 45°C and wet-bulb temperature of 15 
30 to21°C. 

[0372] After drying, the temperature and relative humidity were adjusted to 25°C and 40 to 60%, respectively, and 
the film surface was heated at 70 to 90°C, followed by cooling to 25°C. 

[0373] The degree of matting of the heat developable image recording material prepared was 550 second and 1 30 
second for the photosensitive layer side and back face side, respectively, as Beck smoothness. The pH value of the 
35 film surface at the photosensitive layer side was 6.0. 

<Evaluation of preservative property of inert material> 

[0374] The heat developable image recording material was preserved in an atmosphere of 60°C and 40% RH, and 
40 was exposed and developed (using four panel heaters with a hating program of 1 1 2°C, 1 1 9°C, 1 21 °C, and 1 21 °C for 
24 seconds in total) using Fuji Medical Dry Laser Imager FM-DP L (equipped with a semiconductor laser with a max- 
imum output energy 60 mW (UIB)). Variations of sensitivity (fog +logarithm of inversion of the exposed luminous energy 
at an image density of 1 .0) and D mln (AD mjn ) were determined. The results are shown in Table 2. 
[0375] It was shown that decrease of the preservative property of the inert material and increase of fogging were 
45 small in the heat developable image recording material 
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(Example 2) 

«Preparation of heat developable Image recording materlal-1 9» 

5 [0376] The heat developable image recording materiaM 9 was prepared by the same method as in the heat devel- 
opable image recording material-9, except that the emulsion layer (photosensitive layer) application fluid-9 was 
changed to the emulsion layer application fluid-19, and the yellow pigment compound 15 was eliminated from the 
halation preventive layer. 

[0377] The amount of application (g/m 2 ) of each compound in the emulsion layer was as follows. 

10 

organic acid silver salt dispersion F 6.19 
pigment (C. I. Pigment Blue 60) 0.036 
organic polyhalogen compound-2 0.13 
organic polyhalogen compound-3 0.41 
15 . phthalazine compound-1 0.21 
SBR latex 11.1 
reducing agent complex-3 1 .54 
mercapto compound (1-17) 0.002 
silver halide (as Ag) 0.10 

20 

[0378] The heat developable image recording materials-11 to 18 and 20 were prepared by the same method as in 
the heat developable image recording material-19, except that the organic acid silver salt dispersion F of the heat 
developable image recording material-1 9 was changed to the organic acid silver salt dispersions A to G shown in the 
samples 1 1 to 1 8 and 20 in Table 2, and the timing for adding the mercapto compound was changed as shown in Table 2. 
25 [0379] The preservative property of the inert material was evaluated as in Example 1 . 

[0380] As shown in Table 3, good results as in Example 1 were obtained with respect to decrease of sensitivity and 
increase of fogging. 
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(Example 3) 

«Preparation of heat developable image recording material-29» 

[0381] The emulsion layer (photosensitive layer) application fluid-9 in the heat developable image recording material- 
9 was changed to the emulsion layer (photosensitive layer) application fluid-29 s and the yellow pigment compound 15 
was eliminated from the halation preventive layer. The fluorine based surfactants F-1 , F-2, F-3 and F-4 in the protective 
second layer and back face protective layer were changed to F-5, F-6, F-7 and F-8, respectively, with the same weight. 
The heat developable image recording material-29 was prepared by the same method as in the heat developable 
image recording material-9 except the conditions above. 

[0382] The amount of application (g/m 2 ) of each compound in the emulsion layer was shown in Table 4. 

organic silver halide dispersion F 5.57 
pigment (C. I. Pigment Blue 60) 0.032 
reducing agent-4 0.40 
reducing agent-5 0.36 
organic polyhalogen compound-2 0. 1 2 
organic polyhalogen compound-3 0.37 
phthalazine compound-1 0.19 
. SBR latex 10.0 

hydrogen bonding compound-1 0.59 
mercapto compound (1-17) 0.002 
silver halide (as Ag) 0.09 

[0383] The heat developable image recording material-21 to 28 and 30 were prepared by the same method as in 
the heat developable image recording material-29, except that the organic acid silver salt dispersions A to G shown 
in the samples 21 to 28 in Table 3 were use in place of the organic acid silver salt dispersion F in the heat developable 
image recording material-29, and the timing for adding the mercapto compound was also changed as shown in Table 2. 
[0384] Preservative properties of the neat samples were evaluated by the same method as in Example 1 . 
[0385] As shown in Table 4, good results as in Example 1 were obtained with respect to sensitivity decrease and gof 
increase during preservation of the neat material. 
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[0386] Chemical structures of the compounds used in the examples of the invention in the first aspect are shown 
below: 



Spectral Sensitizing dye A 



10 



15 




CQ 2 H 



20 



25 



Spectral Sensitizing dye B 




C 8 H 17 (n) 



CO a H 



30 



35 



Tellurium Sensitizing dye C 



40 



Base Precursor Compound 11 



45 



50 



i 



p-NHC 2 H 4 NH— q 
C 2 H s -ljJ f|l-C 2 H 5 



n 
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(Hydrogen Bonding Compound-1) 
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10 




S0 2 CBr 3 




S0 2 CBr 3 



(Polyhalogen compound-1) (Polyhalogen compound-2) 



15 



20 



25 




S0 2 CBr 3 



SQ 3 Na 



(Polyhalogen compound- 3) (Mercapto Compound-T) 



30 



35 





NHNHCONH-C B H 17 (t) 



(Phthalazine Compound-l) (Development Accelerator- 1 ) 



40 



45 



( F - 1 ) C e F 17 S0 2 — l|J-CH 2 C0OK 

C 3 H 7 (n) 



50 



( F - 2 ) C 8 F 17 S0 2 -|jJ-CH 2 CH 2 0-(CH 2 CH 2 0) n -H 

C 3 H 7(n) n==15 (Average) 



55 



( F - 3 ) C 8 F 17 S0 2 -J|J— (CH 2 CH 2 0) 4 (CH2) 4 S03Na 

C 3 H 7 (n) 
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(F-4) C 8 F 17 S0 3 K 



5 

( F - 5 ) C e F 17 (CH2)2S0 2 — fjl-CH 2 COOK 

C 3 H 7 (n) 

10 

( F - 6 ) C e F 17 (CH2) 2 S0 2 — N-CH 2 CH 2 0-(CH 2 CH 2 0) — H 

C 3 H 7 (n) n=1 5 (Average) 

15 

( F - 7 ) C 8 F 17 (CH 2 ) 2 S0 2 — |sl-(CH 2 CH 2 0) 4 (CH 2 ) 4 S0 3 Na 
20 C 3 H 7 (n) 



25 



30 



(F-8) C 8 F 17 (CH 2 ) 2 S0 3 K 

[0387] The invention provides a heat developable image recording material having sufficiently high sensitivity and 
maximum image density with excellent preservative property of the inert material. 

(Example 4) 



[0388] The PET substrate was manufactured by the same method as in Example 1 . 
[0389] The undercoat substrate was manufactured by the same method as in Example 1. 
[0390] The back face application fluid was prepared by the same method as in Example 1 . 

[0391] The application fluid of the back face protective layer was manufactured by the same method as in Example 1 . 
35 [0392] The silver halide emulsion 1 of the emulsion layer (photosensitive layer) application fluid was prepared by the 
same method as in Example 1 . 

«Preparation of silver halide emulsion 2» 

40 [0393] The silver halide emulsion 2 was prepared by the same method as in the silver halide emulsion 1 , except that 
the temperate of 30°C of the liquid for forming the particles was changed to 47°C, the solution B was prepared by 
diluting 1 5.9 g of potassium bromide to a volume of 97.4 ml with distilled water, the solution D was prepared by diluting 
45.8 g of potassium bromide to a volume of 400 ml with distilled water, the solution C was added in 30 minutes, and 
potassium hexacyano iron (III) was eliminated. The particles were precipitated, desalted, washed with water and dis- 

45 persed by the same method as in the silver halide emulsion 1 . The silver halide emulsion 2 was obtained by spectral 
sensitization and chemical sensitization by the same method as in the silver halide emulsion 1 , and by adding 5-methyl- 
2-mercaptobenzimidazole and 1-phenyl-2-heptyl-5-mercapto-1 : 3,4-triazole, except that the amount of addition of the 
methanol solution of the spectral sensitizing dye A and spectral sensitizing dye Bin 1:1 molar ratio was changed to 
7.5 x 1 0 -4 mole per one mole of silver as a sum of the spectral sensitizing dyes A and B, the amount of addition of the 

so tellurium sensitizer B was changed to 1 .1 x 10" 4 mole per one mole of silver, and the amount of addition of 1 -phenyl- 
2-heptyl-5-mercapto-1 ,3,4-triazole was changed to 3.3 x 10" 3 mole per one mole of silver. The emulsion particles of 
the silver halide emulsion 2 were cubic particles of pure silver bromide having the average equivalent-circle diameter 
of 0.080 u.m and the variation coefficient of the equivalent-circle diameter of 20%. 

55 «Preparation of silver halide emulsion 3» 

[0394] The silver halide emulsion 3 was prepared by the same method as in the silver halide emulsion 1 , except that 
the temperate of 30°C of the liquid for forming the particles was changed to 27°C. The particles were precipitated, 
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10 



15 



20 



25 



30 



35 



desalted, washed with water and dispersed by the same method as in the silver halide emulsion 1 . The silver halide 
emulsion 3 was obtained by the same method as in the emulsion 1 . except that the amount of addition of the spectral 
sensitizing dyes A and B in a solid dispersion (in an aqueous gelatin solution) containing the spectral sensitizing dyes 

1Z a '1 « rat '° W3S Cha " 9ed t0 6 X 10 3 m0le per one mole of silver as a sum °f the ^ectral sensitizing 

dyes A and B. and the amount of addition of the tellurium sensitizer B was changed to 5.2 x 1 CH mole per per mole 
of silver. The emuls.on particles in the silver halide emulsion 3 had an average equivalent-circle diameter of 0 034 urn 

t a r^,t a oH an t IOn ■? e i te ' ent J* the e( ' uivalent - circle diam eter °f 20%, and contained 3.5 mol% of iodine uniformly dis' 
tnbuted in the silver bromide particles. 

«Preparation of the silver halide mixed emulsion A (for application fluid)» 

i°„H 9 ?L ? iSSOlVGd !T 70% by m3SS ° f thS SiK/er halide emulsion 1 ■ 1 5% ^ mass of tha »ltar halide emulsion 2 
and 15/o by mass of the silver halide emulsion 3, and benzothiazolium iodide was added in a proportion of 7 x 10-3 

o 6 o m 1 „ SHV f T 1 % by maSS aqUe ° US S °' Uti0n - Water Was further added 50 that the content °f the silver halide 
is JB.2 g per 1 kg of the application mixed emulsion as converted into Ag. 

«Preparation of organic acid silver salt dispersions A to G» 

[0396] Mixed in the composition shown in Table 5 were 258.5 mole of organic acid silver salt, 423 L of distilled water 
49.2 L of 5 mote/L aqueous NaOH solution and 1 20 L of t-butanol. The mixture was allowed to react at 75°C with mixing 
tor 1 hour to obtain an organic acid sodium solution. 

wi 9 S ^ZTl PrePared ^ 206 2 L (PH 4 0) ° f aqU60US SO,ution of 40 4 ka of silver nitra fe, and the solution 
was kept at 1 0 C. A reaction vessel containing 635 L of distilled water and 30 L of t-butanol was kept at 30°C and the 
total volumes of the silver behenate solution and aqueous silver nitrate were added : respectively, at a constant flow 
rate for 93 minutes and 1 5 seconds and 90 seconds, respectively. 

[0398] Only the aqueous silver nitrate solution was added for 1 1 minutes from the beginning of addition of the aqueous 

sit on w2 2SS T ^ St8 ?H 9 ° rganiC add S ° diUm S0,Uti ° n t0 add ' and on * the or 9 a " ic acid 
%£2? tT m ' nUteS and 15 SeCOndS after com P |eti ng the aqueous silver nitrate solution to add 

[0399] The reaction temperature within the reaction vessel during the addition was controlled as described in Table 
1 and the external temperature was controlled so that the liquid temperature is constant. The piping system for adding 

ninJ'Ifr 0 ,^ , S ° T S0lUtiO " WaS k6pt ° 0nStant by circulatin 9 wa ™ water at the external space of the dual waM 
, QU . tempei ^ ture of the outlet « the tip of the nozzle is kept at 75«C. The piping system for adding 
^ 3 of T'h 8 ^ ti0n WaS 3lS0 kSpt 31 3 C ° nStant ^Perature by circulating cold water in the external 

space of the dual wall pipe. The positions for adding the organic acid sodium solution and aqueous silver nitrate solution 
were disposed to be symmetncal, respectively, relative to the central axis of the stirrer. The elevations of the tip of the 
nozzles were adjusted so as to avoid contact with the reaction solution. 



40 



45 



Table 5 



Dispersion of organic acid silver salt 


Silver stearate 


Silver arachidate 


Silver behenate 


Silver lignocerate 


A 


5.0 


6.0 


87.0 


2.0 


B 


1.5 


8.5 


87.0 


3.0 


C 


1.0 


6.0 


91.0 


2.0 


D 


1.5 


7.0 


91.0 


1.5 | 


E 


1.0 


3.0 


95.0 


1.0 


F 


0.5 


2.0 


95.0 


2.5 


G 


0.0 


0.7 


97.5 


1.8 


neacuon Temperature in reaction vessel: 30°C 1 





50 



55 



(Ripening/centrifugal filtration) 

ll^I t After , a ,f 6lng Ju Q ° rganiC add S ° dlUm S0,Uti0n ' the SO,ution was continues to stir for 20 minutes at the same 
^^n°!^t^f m °! eaSln9 «■ temperature t0 35 ° C in 30 minutes w *h ripening for 210 minutes thereafter. 

MiZ^ Si h! m h W w ° ff by Centr[fU9al fNtrati0n ' and the fi,trate was washed with water until 

conductivity of the filtered water reduces to 30 nS/cm. The wet cake was made to be a slurry by adding pure water 
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followed by filtration, and this procedure was repeated 3 times in order to facilitate conductivity to decrease. The wet 
cake of the organic silver was centrif uged at a centrifugal force of 700G for 1 hour. G is represented by 1 .1 1 9 x 1 0 _s 
x radius of vessel (cm) x rotational speed (rpm) 2 . The solid fraction of the wet cake of the organic silver thus obtained 
was 44% (measured by drying 1 g of the wet cake at 11 0°C for 2 hours). 

5 

(Preliminary dispersion) 

[0401] To the wet cake corresponding to 260 kg of the dried solid fraction, 1 9.3 kg of polyvinyl alcohol (trade name: 
PVA-21 7) and water was added to a total weight of 1 000 kg, and the mixture was formed into a slurry using a dissolver 
10 blade, and was further preliminarily dispersed using a pipe line mixer (type PM-10 made by Mizuho Industries Co.). 

(Final dispersion) 

[0402] The solution after the preliminary dispersion was processed 3 times by adjusting the pressure of the dispersion 
is machine (trade name: Micro-fluidizer M-61 0, made by Micro-Fluidex International Corporation, Z-type interaction cham- 
ber was used) to 1260 kg/cm 2 to obtain a silver behenate dispersion. The characteristic values of the dispersion were 
the same as those after washing with water. The dispersion temperature was adjusted at 1 8°C by attaching interaction 
chambers at the front and rear faces of a coil type heat exchanger, and by controlling the temperature of coolant. 
[0403] The reducing agent-1 dispersion was prepared by the same method as in Example 1 . 
20 [0404] The reducing agent-2 dispersion was prepared by the same method as in Example 1 . 
[0405] The reducing agent-3 dispersion was prepared by the same method as in Example 1 . 
[0406] The reducing agent-4 dispersion was prepared by the same method as in Example 1 . 
[0407] The reducing agent-5 dispersion was prepared by the same method as in Example 1 . 

25 «Preparation of reducing agent complex-6 dispersion» 

[0408] The reducing agent complex-6 dispersion was prepared by the same method as preparing reducing agent 
complex-3 dispersion, except that the 1:1 complex of 2,2 , -methylenebis-(4-ethyl-6-t-butylphenol) and triphenyl phos- 
phine oxide in preparation of the reducing agent complex-3 dispersion was changed to a 1 :1 complex of 2,2'-methyl- 
30 enebis-(4-ethyl-6-t-butylphenol) and tri(4-methylphenyl)phosphine oxide. 

«Preparation of reducing agent complex-7 dispersion» 

[0409] The reducing agent complex-7 dispersion was prepared by the same method as preparing reducing agent 
35 complex-3 dispersion, except that the 1 :1 complex of 2,2'-methylenebis-(4-ethyl-6-t-butylphenol) and triphenyl phos- 
phine oxide in preparation of the reducing agent complex-3 dispersion was changed to a 1 :1 complex of 2,2 , -methyl- 
enebis-(4-ethyl-6-t-butylphenol) and tri(4-t-butylphenyl)phosphine oxide. 



40 



50 



«Preparation of hydrogen bonding compound-1 dispersion» 



[041 0] Added with thorough stirring to form a slurry were 1 0 kg of water into 1 0 kg of the hydrogen bonding compound- 
1 (triphenyl phosphine oxide)and 20 kg of 1 0% by mass of aqueous solution of modified polyvinyl alcohol (Poval M P203 
made by Kuraray Co., Ltd.). 

[0411] The slurry was sent with a diaphragm pump, and dispersed with a horizontal sand mill (UVM-2 made by Imex 
45 Co.) for 3 hours and 30 minutes. The concentration was adjusted thereafter to 22% by mass by adding 0.2 g of sodium 
benzoinchiazolinone and water to obtain the hydrogen bonding compound-1 dispersion. 

[0412] The median diameter of the reducing agent particles contained in the reducing agent dispersion thus obtained 
was 0.40 n.m, and the maximum particle diameter was 1 .7 jim. The hydrogen bonding compound dispersion obtained 
was filtered with a polypropylene filter with a pore size of 3.0 ujti, and foreign substances such as dust were removed. 



«Preparation of hydrogen bonding compound-2 dispersion» 



[0413] The hydrogen bonding compound-2 dispersion was obtained by the same method as preparing the hydrogen 
bonding compound-1 dispersion, except that the hydrogen bonding compound-1 (triphenyl phosphine oxide) was re- 
55 placed with the hydrogen bonding compound-2 (tri(4-t-butylphenyl)phosphine oxide). 

[0414] The median diameter of the reducing agent particles contained in the reducing agent dispersion thus obtained 
was 0.35 ujn, and the maximum particle diameter was 1 .5 u.m. 

[0415] The organic polyhalogen compound-1 dispersion was prepared by the same method as in Example 1 . 
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[0416] The organic polyhalogen compound-2 dispersion was prepared by the same method as in Example 1 

[041 7] The organic polyhalogen compound-3 dispersion was prepared by the same method as in Example 1 

[0418] The phthalazine compound-1 solution was prepared by the same method as in Example 1 . 

[0419] The mercapto compound-1 solution was prepared by the same method as in Example 1 . 

[0420] The pigment-1 dispersion was prepared by the same method as in Example 1 . 

[0421] The SBR latex solution was prepared by the same method as in Example 1 . 

«Preparation of emulsion layer (photosensitive layer) application fluid-15» 

[0422] As shown in Table 6, 1 000 g of the organic acid silver salt dispersion C obtained above 125 ml of water, 113 
g of the reducing agent-4 dispersion, 91 g of the hydrogen bonding compound-1 dispersion, 1 7 g of pigment-1 disper- 
sion, 82 g of the organic polyhalogen compound-1 dispersion, 40 g of the organic polyhalogen compound-2 dispersion 
173 g of the phthalazine compound-1 solution, 1082 g of the SBR latex solution (Tg: 20.5°C) and 9 g of the aqueous 
mercapto compound-1 solution were sequentially added. After obtaining the emulsion layer (photosensitive layer) ap- 
plication fluid by adding 158 g of the silver halide mixed emulsion A with thorough stirring, the solution was directly 
sent to a coating die for application. w 

[0423] The viscosity of the emulsion layer (photosensitive layer) application fluid-1 was 85 mPa-s as measured with 
a B-type viscometer (No. 1 rotor, 60 rpm) made by Tokyo Instrument Co. 

[0424] The viscosity of the application fluid measured at 25°C using RFS Fluid Spectrometer made by Rheometrix 
Far-East Co., was 1500, 220, 70, 40 and 20 (mPa-s) at shear speed of 0.1 , 1 , 10. 100 and 1000 (1/sec), respectively. 
«Preparation of emulsion layer (photosensitive layer) application fluids-11 to 14, 16 to 19 and 22 to 29- 
[0425] The application fluids were prepared by the same method as in the emulsion layer (photosensitive layer) 
application fluid-15, except that the compositions in Tables 6 and 7 were used. 
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« Preparation of emulsion layer (photosensitive layer) application fluid-20» 

[0426] Successively added were 1000 g of the organic acid silver salt dispersion F obtained above, 104 ml of water, 
30 g of the pigmenM dispersion, 21 g of the organic polyhalogen compound-2 dispersion, 60 g of the organic poly- 
5 halogen compound-3 dispersion, 173 g of the phthalazine compound-1 solution, 1082 g of the SBR latex (Tg: 23°C) 
solution, 258 g of the reducing agent complex-3 dispersion, and 9 g of the mercapto compound-1 solution, and 110 g 
of the silver halide mixed emulsion A was added with thorough stirring immediately before application. The emulsion 
layer application fluid was directly sent to a coating die for application. 

10 « Preparation of emulsion layer (photosensitive layer) application fluid-21 » 

[0427] Successively added were 1 000 g of the organic acid silver salt dispersion F obtained above, 95 ml of water, 
73 g of the reducing agent-4 dispersion, 68 g of the reducing agent-5 dispersion, 30 g of the pigmenM dispersion, 21 
g of the organic polyhalogen compound-2 dispersion, 69 g of the organic polyhalogen compound-3 dispersion, 173 g 

15 of the phthalazine compound-1 solution, 1082 g of the SBR core-shell type latex (core (Tg: 20°C) : shell (Tg: 30°C) = 
70/30 weight ratio) solution, 1 24 g of the hydrogen bonding compound-2 dispersion, and 9 g of the mercapto compound- 
1 solution, and 110 g of the silver halide mixed emulsion A was added with thorough stirring immediately before appli- 
cation. The emulsion layer application fluid was directly sent to a coating die for application. 
[0428] The application fluid of the emulsion face intermediate layer was prepared as in Example 1 . 

20 [0429] The application fluid of the emulsion face protective layer was prepared as in Example 1 . 
[0430] The heat developable photosensitive material was prepared as in Example 1 . 

[0431] The heat developable photosensitive materials-11 to 19 and 22 to 29 were prepared as in Example 1 . 
[0432] The amount of application (g/m 2 ) of each compound in the emulsion layer is as shown in Tables 8 and 9. 
[0433] The application and drying conditions were the same as in Example 1. 
25 [0434] The degree of matting of the heat developable image recording material prepared was 550 second and 130 
second for the photosensitive layer side and back face side, respectively, as Beck smoothness. The pH value of the 
film surface at the photosensitive layer side was 6.0. 
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(Preparation of heat developable photosensitive material-20) 



[0435] The heat developable photosensitive material-2 was prepared by the same method as preparing the heat 
developable photosensitive material-1 , except that the emulsion layer application fluid-1 for the heat developable pho- 
tosensitive material-1 was changed to the emulsion layer application fluid-2, and the yellow dye compound 15 was 
eliminated from the halation preventive layer. 
35 [0436] The amount of application (g/m 2 ) of each compound in the emulsion layer is as shown in Table 8. 

(Preparation of heat developable photosensitive material-21) 

[0437] The heat developable photosensitive material-3 was prepared by the same method as preparing the heat 
40 developable photosensitive material-1 , except that the emulsion layer application fluid-1 1 for the heat developable 
photosensitive material-11 was changed to the emulsion layer application fluid-3, and the yellow dye compound 15 
was eliminated from the halation preventive layer. The fluorine based surfactants F-1 , F-2, F-3 and F-4 in the protective 
second layer and back face protective layer were changed to the same weight of F-5, F-6, F-7 and F-8. 
[0438] The amount of application (g/m 2 ) of each compound in the emulsion layer is as shown in Table 8. 
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[0439] The chemical structures of the compounds used in the examples of the invention in the second 
shown below: 



aspect are 



Spectral sensitizing dye A 



w 




C 8 H 17 (n) 



C0 2 H 
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Spectral Sensitizing dye b 




C0 2 H 



Tellurium Sensitizer C 
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Base Precursor Compound 11 



c 2 H 5 -rf r 

x ;0-NHC2H 4 NH-q 



[<^y-SO 2 -^^~S0 2 CH 2 C0 2 - ] 
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(Reducing Agent-1) (Reducing Agent-2) 



o 



(Reducing Agent Complex-3) " In complex 





(Reducing Agent-4 ) (Reducing Agent-5) 




o 

<HO- 



(Reducing Agent-6) 



1 : 1 Complex 




o 



(Reducing Agent -7 ) 



1 1 Complex 



80 



EP 1 306 720 A2 



10 




9 
f- 



o 






? 

(Hydrogen Bonding Compound-1) (Hydrogen Bonding Compound-2) 
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v S0 2 CBr 3 "SO z CBr 3 

(Organic Polyhalogen Compound-1) (Organic Polyhalogen Compound-2) 
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(Organic Polyhalogen Compound-3) 
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(Mercapto Compound-1 ) 
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(Phthalazine Compound-1 ) 
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(Development Acceleratore-1) 
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( F - 2 ) C 8 F 17 S0 2 ~l^-CH 2 CH 2 O-(CH 2 CH 2 0) n -H 

C 3 H 7 (n) n = 1 5 (Average) 



10 ( F — 3 ) C 8 F 17 S02-^-(CH 2 CH 2 O)4(CH2)4SO 3 Na 

C 3 H 7 (n) 

15 (F-4) C 8 F 17 S0 3 K 
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( F - 5 ) C 8 F 17 (CH2) 2 S0 2 -|SJ-CH 2 COOK 

C 3 H 7 (n) 



( F - 6 ) C B F 17 (CH 2 ) 2 S02-N-CH 2 CH 2 0-(CH 2 CH 2 O) n ~H 

C 3 H 7 (n) n = l 5 (Average) 



( F - 7 ) C 8 F 17 (CH 2 ) 2 S0 2 -^(CH 2 CH 2 0) 4 (CH 2 )4SO a Na 

C 3 H 7 (n) 



(F-8) C 8 F 17 (CH 2 ) 2 S0 3 K 

40 Evaluation of photographic performance 

[0440] The photographic material was exposed and heat- developed (heated with four panels set at 112°C, 119*C, 
121 °C, and 121°C for 24 seconds) with Fiji Medical Dry laser Imager (equipped with a semiconductor laser at660 nm 
with a maximum output of 60 mW (1 1 1 B)), and the image obtained was evaluated with a densitometer The results are 
shown in Tables 8 and 9. 

Evaluation of image preservative property 



[0441] After exposing and heat-developed (heated with four panels set at 112°C, 119°C, 121°C, and 121°C for 24 
seconds) the photographic material with Fiji Medical Dry laser Imager (equipped with a semiconductor laser at 660 nm 
with a maximum output of 60 mW (111B)), the material was sufficiently irradiated with light, sealed in a light-shielding 
bag after adjusting the atmosphere at 70% RH for 3 hours, and was left stand for 24 hours at 60°C. The rate of change 
of D mln is shown in Tables 1 0 and 11. 
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Table 10 
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*The sample No. 14 is used as a standard with the D mjn value of 100. 
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Sample No. 






Rate of change of image 
preservative property 
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Example 
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Example 
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*The sample No. 23 is used as a standard with the D min value of 100. 



[0442] The invention provides a heat developable photosensitive material having low minimum density (D mjn ) as well 
as being excellent in image preservative property, 

(Example 5) 

[0443] The PET substrate was prepared and subjected to corona treatment in the same manner as in Example 1 . 

(Preparation of undercoat substrate) 

(1) Preparation of undercoat application fluid 

Recipe (i) (for photosensitive layer side undercoat layer) 

[0444] 

Pesresin A-520 (30% by mass solution) made by Takamatsu Oil & Fat Co., Ltd. 59 g 
polyethylene monoglycol monononylpehnyl ether (mean ethylene oxide number = 8.5) 5.4 g 
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10 



15 



• MP-1 000 (polymer fine particles, average particle diameter 0.4 urn) made by Soken Chemical and Enqineerinq 
Co., Ltd. 0.91 g . 
distilled water 935 ml 

Recipe (ii) (for back face first layer) 

[0445] 

• styrene-butadiene copolymer latex (solid fraction 40% by mass : styrene/butadiene weight ratio = 68/32) 1 58 g 

• sodium 2,4-dichioro-6-hydroxy-S-triazine (8% by mass aqueous solution) 20g 
1% by mass aqueous solution of sodium laurylbenzene sulfonate 10 ml 
distilled water 854 ml 

Recipe (iii) (for back face second layer) 
0446] 

SnO^SbO (mass ratio 9/1 , average particle diameter 0.038 u.m, 1 7% by mass dispersion) 1 40 g 
gelatin (10% by mass aqueous solution) 89.2 g 

metrose TC-5 (2% by mass aqueous solution) made by Shin-Etsu Chemical Co., Ltd. 8.6 g 
MP-1 000 made by Soken Chemical and Engineering Co., Ltd. 0.01 g 
1% by mass aqueous solution of sodium dodecylbenzene sulfonate 10 ml 
NaOH (1 % by mass) 6 ml 
Proxel (made by ICI) 1 ml 
distilled water 805 ml 

[0447] After subjecting both faces of the biaxially drawn polyethylene terephthalate substrate with a thickness of 1 75 
urn to corona discharge treatment, the undercoat application fluid of the recipe (i) was applied on one face (photosen- 
sitive layer face) with an amount of wet coating of 6.6 ml/nv? (per one face) with a wire bar, followed by drying at 1 80°C 
for 5 minutes. Then, the undercoat application fluid of the recipe (ii) was applied on the other face (back face) with an 
amount of wet coating of 5.7 ml/m* with a wire bar followed by drying at 1 80°C for 5 minutes. Furthermore the appli- 
cation fluid of the recipe (iii) was applied on the back face with an amount of wet coating of 7.7 ml/m 2 with a wire bar 
followed by drying at 1 80°C for 6 minutes. 

35 (Preparation of back face application fluid) 

(Preparation of solid fine particle dispersion solution 

(a) of base precursor) 
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[0448] Mixed to a total weight of 5.0 kg by adding water were 1 .5 kg of the base precursor compound-1 225 g of 
surfactant (trade name Demol N made by Kao Corporation), 937.5 g of diphenyl sulfone and 15 g of parahydroxy 
benzoic acid butyl ester (trade name Meckins made by Ueno Pharmaceutical Co.). The mixed solution was dispersed 
with beads using a horizontal sand mill (UVM-2 made by l.mecs Co.). The mixed solution was sent into UVM-2 filled 
with zirconia beads with an average diameter of 0.5 mm using a diaphragm pump, and was dispersed until a desired 
average particle diameter is obtained under an inner pressure of 50 Pa or more. 

[0449] The dispersion was dispersed until the absorbance ratio between the absorbance of the dispersion at 450 
nm and absorbance of the dispersion at 650 nm (D450/D650) becomes 2.2 or more. 

[0450] The dispersion obtained was diluted with distilled water so that the concentration of the base precursor be- 
comes 20% by weight, and was filtered with a polypropylene filter with a mean pore size of 3 u.m for removing dusts 
before practical use. 3 

(Preparation of dispersion fluid of slid fine particles of dye) 

[0451] Mixed with distilled water to a total weight of 60kg were 6.0 kg of the cyanine dye compound-1 3 0 kg of 
sodmm p-dodecylbenzene sulfonate, 0.6 kg of the surfactant (Demol made by Kao Corporation) and 0 15 kg of a 
defoaming agent (trade name Surfinol 1 04E made by Nisshin Chemicals Co., Ltd.). The mixed solution was dispersed 
with 0.5 mm zirconia beads using a horizontal sand mill (UVM-2 made by l.mecs Co.). 
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[0452] The dispersion was dispersed until the absorbance ratio between the absorbance of the dispersion at 650 
nm and absorbance of the dispersion at 750 nm (D650/D750) becomes 5.0 or more. 

[0453] The dispersion obtained was diluted with distilled water so that the concentration of the cyanine dye becomes 
6% by mass, and was filtered with a polypropylene filter with a mean pore size of 1 \xm for removing dusts before 
5 practical use. 

(Preparation of halation preventive layer application fluid) 

[0454] Mixed and adjusted to a total volume of 8183 ml to prepare the application fluid of the halation preventive 
10 layer were 30 g of gelatin, 24.5 g of polyacrylamide, 2.2 g of 1 mol/L sodium hydroxide, 2.4 g of monodisperse fine 
particles of polymethyl methacrylate (average particle size 8 urn, standard deviation of particle size 0.4), 0.08 g of 
benzoisothiazolinone, 35.9 g of the dispersion solution of the solid fine particles of the dye, 74.2 g of the dispersion 
solution of the solid fine particles of the base precursor, 0.6 g of sodium polyethylene sulfonate, 0.21 g of the blue dye 
compound-1 , 0.15 g of the yellow dye compound, and 8.3 g of the acrylic acid/ethyl acrylate copolymer latex (copoly- 
15 merization ratio 5/95), thereby preparing the halation prevention layer application fluid. 

(Preparation of application fluid of back face protective layer) 

[0455] The vessel was warmed at 40°C, and 40 g of gelatin, 1 .5 g of liquid paraffin in the liquid paraffin emulsion, 
20 35 mg of benzoisothiazolinone, 6.8 g of 1 mole/L sodium hydroxide, 0.5 g of sodium t-octylphenoxyethoxyethane 
sulfonate, 0.27 g of sodium polystyrene sulfonate, 37 mg of fluorine based surfactant (F-1: potassium N-perluorooc- 
tylsuIfonyl-N-propylalanine), 150 mg of fluorine based surfactant (F-2: polyethylenegiycol mono(N-perfluorooctylsulfo- 
nyl-N-popyl-2-aminoethyl) ether [mean degree of polymerization of ethylene oxide: 15]), 64 mg of fluorine based sur- 
factant (F-3), 32 mg of fluorine based surfactant, 6.0 g of acrylic acid/ethyl acrylate copolymer (copolymerization weight 
25 ratio 5/95) and 2.0 g of N,N-ethylenebis(viny!sulfone actamide) were mixed. The mixture was diluted to 10 liter with 
water to form the application fluid of the back face protective layer 

(Preparation of silver halide emulsion) vl: 

30 «Preparation of silver halide emulsion-1 » 

[0456] Added in 1421 ml of distilled water was 3.1 ml of 1% by mass potassium bromide solution, and 3.5 ml of 0.5 
mol/L sulfuric acid and 31 .7 g of gelatin modified with phthalic acid. The solution was kept at 30°C with stirring in a 
stainless steel reaction vessel, Solution A prepared by diluting 22.22 g of silver nitrate to 95.4 ml by adding distilled 

35 water, and solution B prepared by diluting 15.3 g of potassium iodide and 0.8 g of potassium iodide to 97.4 ml by adding 
distilled water were added in 45 seconds at a constant flow rate. Then, 10 ml of 3.5% by mass aqueous hydrogen 
peroxide solution was added, followed by adding 1 0.8 ml of 10% by mass of aqueous benzoimidazole solution. Then, 
solution C prepared by diluting 51 .86 g of silver nitrate to 317.5 ml by adding distilled water, and solution D prepared 
by diluting 44.2 g of potassium bromide and 2.2 g of potassium iodide to 400 ml by adding distilled water were added 

40 in 20 minutes at a constant flow rate, wherein solution D was added by a controlled double jet method while maintaining 
pAg at 8.1 . Hexachloro iridium (III) potassium slat was added after 10 minutes of start of addition of solutions C and 
D so that the amount of iridium becomes 1 x 10 4 mole per one mole of silver. Hexacyano iron (II) potassium was 
added after 5 seconds of completion of addition of solution C so that the amount of iron becomes 3X10* 4 mole per 
one mole of silver. pH of the solution was adjusted to 3.8 using 0.5 mol/L sulfuric acid solution and, after stopping to 

45 stir, particles were precipitated followed by desalting and washing with water. The pH of the emulsion was adjusted to 
5.9 using 1 mol/L sodium hydroxide, obtaining a silver halide dispersion with pAg of 8.0. 

[0457] The temperature of the silver halide dispersion was kept at 38°C, and 5 ml of 0.34% by mass methanol solution 
of 2-benzoisothiazoline-3-one was added. After 40 minutes, a methanol solution containing spectral sensitizing dyes 
A and B in 1 :1 molar ratio was added so that the combined amount of the sensitizing dyes A and B becomes. 1 .2 x 

so 1 0" 3 per one mole of silver, and the temperature of the solution was raised to 47°C after one minute. 20 minutes after 
the increase of the temperature, a methanol solution of sodium benzene thiosulfonate was added in a proportion of 
7.6 x 10-5 per one mole of silver and, after 5 minutes, a methanol solution of tellurium sensitizer C was added in a 
proportion of 2.9 x 10" 4 mole per one mole of silver, followed by ripening for 91 minutes. Further added was 1 .3 ml of 
a 0.8% by mass of methanol solution of N,N'-dihydroxy-N"-diethylamine and, after additional 4 minutes, a methanol 

55 solution of 5-methyl-2-mercaptobenzimidazole and a methanol solution of 1 -phenyl-2-heptyl-5-mercapto-1 ,3,4-triazole 
were added in the proportions of 4.8 x 10' 3 mole and 5.4 x 10* 3 mole, respectively, per one mole of silver, thereby 
preparing the silver halide emulsion-1 . 

[0458] The particles in the silver halide emulsion had an average equivalent-circle diameter of 0.042 u.m, and a 
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variation coefficient of the equivalent-circle diameter of 20%. and contained 3.5 mol% of iodine uniformly distributed 
in the silver brom.de particles. The particle size or the like was determined using an electron microscope from the 

5 V t ra ,? 6 ?f rt 'f S ' Ze °' 1 °°° P articles - The Proportion of the [100] face in the particles was found to be 80% using a 
Kubelka-Munk method. 

«Preparation of silver halide emulsion-2» 

[0459] The silver halide emulsion-2 was prepared by the same method as in the silver halide emulsion-1 , except that 
the temperature of the solution for forming the particles was changed from 30°C to 47»C, dilution of solution B of 15 9 
g of potassium bromide was changed to 97.4 ml using distilled water, dilution of solution D of 45 8 g of potassium 
bromide was changed to 400 ml using distilled water, and the time period for adding solution C was changed to 30 
minutes while eliminating potassium hexacyano iron (II). Precipitation, desalting and washing with water were carried 
out as in the silver halide emulsion-1 . Spectral sensitization, chemical sensitization, and addition of 5-methyl-2-mer- 
f a P' oba " 20im,da2ole and 1 -P hen y | - 2 - he P t y'-5-mercapto-1,3,4-triazole were preformed as in the emulsion-1, except 
that addition of the methanol solution of the spectral sensitizing dyes A and B in 1 :1 molar ratio was changed to 7 5 x 
10- mole per one mole of silver as a sum of the sensitizing dyes A and B, addition of the tellurium sensitizer C was 
changed to 1 .1 x io-» mole per one mole of silver, and addition of 1-phenyl-2-heptyl-5-mercapto-1 ,3,4-triazole was 
changed to 3.3 x 1 0-3 mole per one mole of silver, thereby obtaining the silver halide emulsion-2. The emulsion particles 
* ha " de emulsion ' 2 were cubic P artides of P ur e silver bromide with an average equivalent-circle diameter 

of 0.080 fxm and a variation coefficient of the equivalent-circle diameter of 20%. 

«Preparation of silver halide emulsion-3» 

[0460] The silver halide emulsion-3 was prepared by the same method as in preparing the silver halideemulsion-1 
except that the temperature of the solution for forming the particles was changed from 30°C to 27°C Precipitation' 
desalting and washing with water were performed as in the silver halide emulsion-1 . The silver halide emulsion-3 was 
obtained by the same method as in the emulsion-1 , except that addition of the solid dispersion (in aqueous gelatin 
solution) of the sensitizing dyes A and B in 1 : 1 molar ratio was changed to 6 x 1 0-3 mole per one mole of silver as a 
sum of the sensrtiz.ng dyes A and B. addition of the tellurium sensitizer C was changed to 5 2 x 10-4 mo!e per one 
mole of silver, and 5 x 1 0-4 mole of bromoauric acid per one mole of silver and 2 x 1 0-3 m0 | e of pot assium thiocyanate 
per one mole of silver were added 3 minutes after addition of the tellurium sensitizer. The particles in the silver halide 
emulsion had an average equivalent-circle diameter of 0.034 urn, and a variation coefficient of the equivalent-circle 
diameter of 20%, and contained 3.5 mol% of iodine uniformly distributed in the silver bromide particles. 

«Preparation of mixed emulsion A for application fluid» 

[0461] Dissolved were 70% by mass of silver halide emulsion-1 . 15% by mass of silver halide emulsion-2 and 1 5% 
by mass of silver halide emulsion-3, and 1% by mass of aqueous benzothiazolium iodide solution was added in a 
proportion of 7 x 10-3 mole per one mole of silver. Water was further added so that the content of the silver halide 
becomes 38.2 g as converted into silver per 1 kg of the application fluid of the mixed emulsion. 

«Preparation of organic acid silver salt dispersions A to J» 

Purification of behenic acid A> 

Ef? B D , M L Xed With 1 200 k9 ° f is °P rb Py' a,coho1 was 1 00 k 9 of behenic acid made by Henkel Co. (trade name Edenor 
C22-85 R), dissolved at 50°C and, after filtration with a 1 0 nm filter, the solution was cooled to 30°C for recrystallization 
The cooling speed for recrystallization was controlled to 3°C/hour. The crystals obtained were filtered by centrifugation 
rmsed with 100 kg of isopropyl alcohol, and recrystallization was repeated twice. The initial precipitate at the early 
stage of recrystallization was filtered to remove lignoceric acid followed by drying. The content of behenic acid was 
found to be 99.99% from the GC-FID measurement after esterification of the crystalline product obtained The content 
of erucio acid was 0.000001%. 

Purification of behenic acid B> 

™ ? os MiXed Wth 1 200 k9 ° f iso P r °Py' a,coho1 was 1 00 kg of behenic acid made by Henkel Co. (trade name Edenor 
C22-85R), d.ssolved at 50'C and, after filtration with a 1 0 urn filter, the solution was cooled to 30°C for recrystallization 
The cooling speed for recrystallization was controlled to 3°C/hour. The crystals obtained were filtered by centrifugation' 
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rinsed with 100 kg of isopropyl alcohol, and recrystallization was repeated twice, followed by recrystallization. The 
content of behenic acid was found to be 97.5% and the content of lignoceric acid was found to be 2% from the GC-FID 
measurement after esterification of the crystalline product obtained. The content of erucic acid was 0.000001%. 

5 Purification of arachidic acid> 

[0464] Mixed with 1200 kg of isopropyl alcohol was 100 kg of arachidic acid made by Tokyo Kasei Kogyo Co. : dis- 
solved at 50°C and, after filtration with a 10 urn filter, the solution was cooled to 20°C for recrystallization. The cooling 
speed for recrystallization was controlled to 3°C/hour. The crystals obtained were filtered by centrifugation, rinsed with 
10 1 00 kg of isopropyl alcohol, and recrystallization was repeated twice. The initial precipitate at the early stage of recrys- 
tallization was filtered to remove carboxylic acids having longer chain length than arachidic acid : followed by drying. 
The content of arachidic acid was found to be 99.99% from the GC-FID measurement after esterification of the crys- 
talline product obtained. The content of erucic acid was 0.000001%. 
%. 

15 Purification of stearic acid> 

[0465] Mixed with 1 200 kg of isopropyl alcohol was 1 00 kg of stearic acid made by Tokyo Kasei Kogyo Co., displved 
at 50°C and, after filtration with a 10 jim filter, the solution was cooled to 20°C for recrystallization. The cooling speed 
for recrystallization was controlled to 3°C/hour. The crystals obtained were filtered by centrifugation, rinsed with 100 
20 kg of isopropyl alcohol, and recrystallization was repeated twice. The initial precipitate at the early stage of recrystal- 
lization was filtered to remove carboxylic acids having longer chain length than stearic acid, followed by drying. The 
content of stearic acid was found to be 99.99% from the GC-FID measurement after esterification of the crystalline 
product obtained. The content of erucic acid was 0.000001% . 

25 Preparation of organic acid silver salt dispersions A to J> 

[0466] Mixed with 258 mole of organic acids as a combination of behenic acid A, behenic acid B, arachidic acid, 
stearic acid and erucic acid made by Tokyo Kasei Kogyo Co. with the composition shown in Table 12 were 422 L of 
distilled water, 49.2 L of 5 moJ/L aqueous solution of NaOH and 120 L of t-butyl alcohol. The mixture was allowed to 

30 react at 75°C for 1 hour to obtain a solution of the organic acid sodium salts. Separately prepared was 206.2 L of 
aqueous solution (pH 4.0) of 40.4 Kg of silver nitrate, which was warmed at 1 0°C. A vessel containing 635 L of distilled 
water'and 30 L of t-butyl alcohol was kept at 30°C, and the total amount of the organic acid sodium solution and the 
total amount of the aqueous silver nitrate solution were added in 93 minutes and 15 seconds and 90 minutes, respec- 
tively, at a constant flow rate. Only the aqueous silver nitrate solution was added in 11 minutes after initiation of the 

35 aqueous silver nitrate solution, addition of the organic acid sodium solution was initiated thereafter, and only the organic 
acid sodium solution was added in the last 14 minutes and 15 seconds after completing addition of the aqueous silver 
nitrate solution. The temperature in the reaction vessel was kept at 30°C, and external temperature was controlled so 
as to maintain a constant temperature of the reaction solution. The temperature in the piping system for the organic 
acid sodium solution was kept constant by circulating warm water in the outer space of the double wall pipe, and the 

40 liquid temperature of the outlet at the tip of the nozzle was adjusted to 75°C. The temperature of the piping system of 
the aqueous silver nitrate solution was also kept constant by circulating cooled water in the outer space of the double 
wall pipe. The possessions for adding the organic acid sodium solution and aqueous silver nitrate solution were dis- 
posed to be symmetrical relative to the central axis of the stirrer with their elevations adjusted not to touch the reaction 
solution. 

45 [0467] After completing addition of the organic acid sodium solution, the solution was continued to be stirred for 20 
minutes while keeping the temperature, which was raised to 35°C for 30 minutes, and the precipitate was ripened for 
210 minutes thereafter. The solid fraction was filtered off by centrifugal filtration, and was washed with water until 
conductivity of the filtered water decreases to 70 u,S/cm, thereby obtaining the organic acid silver salt. The solid fraction 
obtained was stored as a wet cake without drying. 

so [0468] The shape of the organic acid silver salt particle prepared was as shown in Table 1 3. r 

[0469] Added to the wet cake corresponding to 260 kg of solid fraction was 1 9.3 kg of polyvinyl alcohol (trade name: 
PVA-217) and water to a total weight of 1000 kg. The suspended solution was formed into a slurry with a dissolver 
blade, followed by preliminary dispersion with a pipe line mixer (PM-10 made by Mizuho Industries Co.). 
[0470] The solution after the preliminary dispersion was processed 3 times with a dispersion apparatus (trade name: 

55 Micro-Fluidizer M61 0 made by Micro-Fluidex International Co., equipped with Z-type interaction chamber) by adjusting 
the pressure at 1150 kg/cm 2 , thereby obtaining the organic acid silver salt dispersion. Coil type heat exchangers were 
attached at the front and rear sides, respectively, for cooling, and the dispersion temperature was adjusted at 1 8°C by 
controlling the temperature of the coolant. 
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[0471] The organic acid silver salt dispersions A to J were obtained as described above. 
(Preparation of reducing agent dispersion) 
« Preparation of reducing agent complex-1 dispersion» 

5°m 7 ?L A T rrV f Te, ^ reP u red bV addin9 10 kg ° f Water With thorou 9 h stirrin 9 int0 10 k 9 °f reducing agent complex- 
nvl nho^nh ^ of 6,6 -di"t^utyl-4,4'-dimethyl-2,2'-butylidenedi P henol and triphenyl phosphine oxide), 0. 12 kg of ^riphe- 
nyl phosphine ox.de and 1 6 kg of 1 0% by mass aqueous solution of polyvinyl alcohol (Poval MP203 made by Kuraray 
sandmi'mUr 7l*T witn a di aphragm P um P «*, after dispersing for 4 hours and30 minutes using a horizontal 
oMHp rl? f Y l ? BCS C0 ) fNled With ZirC ° nia beads With an avera 3 e diameter °f 0 5 «™. the concentration 

water IterZlto^TY** *° ^ * m ~ by addin9 0 2 9 ° f S ° dium °enzoisothiazolinone and 

ITmmmT^-^™? T! C ° mP,eX " 1 diSPSrSi0n - ThS redUdng a 9 ent ~ m P'^ Prides contained in 
„ r **"™ 9 agent coni P ,ex d 'spers.on had a median diameter of 0.45 pm and a maximum particle diameter of 1 45 

Z^rZ^fiT C h7 diSPerSi ° n ° btained WaS fi ' tered With 3 PO'yP~Pylene filter with a pore diameter of 3.0 
pm to remove foreign substances such as dusts. 

« Preparation of reducing agent-2 dispersion» 

d l - -butyl-4,4-d l methyl-2,2--butyliden e di P henol and triphenyl phosphine oxide) and 16 kg of 10% by mass aqueous 
ITZT ™ I™?! (P0Va ' MP2 ° 3 madS by KUraray C °- Ltd >- The S ' U "V was sent with a d'iaph'gm pump 
zircont TiTE 9 I 3 " 6 30 minUteS USin9 8 h0riZOnta ' Sand mi " (UVM " 2 made °y l mecs Co.) ?i lied with 

25°/bv ma^L In 8 " "i" - " ° f M ^ *" ^"n of the reducing agent complex was adjusted ,0 

It i^Z r V T7 9 SOd ' Um benz o is othiazo.inoneand water. The reducing agent-2 dispersion was obtained 

ZEZ^TV" P TT S0 ' Uti0n 31 6 °° C f ° r 5 h ° UrS - The reducin 9 a 9 ent complex particles contained in the 
reduang agent d,s P ers,on had a median diameter of 0.40 pm and a maximum particle diameter of 1 .5 pm. The reducing 

SETS £££ ^ * •» a P- d ^eter of 3.0 pm tS remove foreig 9 

«Preparation of hydrogen bonding compound-1 dispersion» 

comooun^ TSZZSZ"*?!. ^ " S ° f ^ ^ th ° r ° Ugh Stirring int ° 10 kg of the hvdro 9 en Ending 
aS fPol f2SS Vf lT?5 hMph,ne ° X,de) and 16 k9 ° f 10% by mass aaueous sol "tion of modified polyvinyl 
hoS it Z T ^ C °- Ud ) - ThS SiUrrV Was Sent with a dia Phragm pump and, after dispensing 

a^2^TT S T, 9 3 h ° nZOntal Sand mi " (UVM " 2 made by l meCS C °> filled with ^conia beads with an 
S ? l mm ' 6 concentratl0n ° f tho hydrogen bonding compound was adjusted to 25% by mass by 

bv hea 9 t tl'tin th 7 benzo,s o th,az o |in °" e «d water. The hydrogen bonding compound-1 dispersion was obtained 
£d,22S2n dlSperS '°" solutlon at 80 ° C for 1 hour. The hydrogen bonding compound partcles contained in the 
Z fS hS22 h°T ISPere !°, n h3d 3 median di3meter ° f 035 P m and a — particle diameter of 1 .5 
of 3 0 ^ removt £2 C ° mp ° dlS P e ;. sion obtained was fi| tored with a polypropylene filter with a pore diameter 
ot d.o fim to remove foreign substances such as dusts. 

«Preparation of development aceerelatoM dispersion» 

5^20 ta'SwJ? ° btained ^ addin ? 10 k9 ° f Wat6r With th ° r0Ugh S,irring int ° 1 0 k 9 of development accelerator- 

I and 20 kg of 1 0 /o by mass aqueous solution of modified polyvinyl alcohol (Poval MP203 made by Kurarav Co Ltd ) 

miN mVM 7VT 9 d 'T, PUmP and ' ^ d ' SperSing f ° r 3 h0Ura and 30 minutes »'i « horizontal sand 
SdZllTf " T C °- ) f '"! d ^ ZirC ° nia b6adS With a " aVera 9 e diameter of 0 5 ™". concentration of 
TJZ ^T rT , r ^ adjUSted t0 20% by maSS by adding 0 2 9 0f S0dium benzoisothiazolinone and water, 
develop 9 deV : IOpment acce| orator-1 dispersion. The development accelerator particles contained in the 
development accelerator dispersion had a median diameter of 0.48 pm and a maximum particle diameter of 1 4 n m 

II i til , 9 com Po und dispersion obtained was filtered with a polypropylene filter with a pore diameter of 
3.0 pm to remove foreign substances such as dusts. 

[0476] Solid dispersions of the development accelerator-2, development accelerator-3 and color controlling aqent- 
PeTslons S SamS meth ° d 88 in diSpersin 9 the development accelerator-1 , obtaining 20% by mass dis- 
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(Preparation of polyhalogen compound) 

« Preparation of organic polyhalogen compound-1 dispersion» 

5 [0477] A slurry was obtained by adding 1 4 kg of water with thorough stirring into 1 0 kg of the organic polyhalogen 
compound-1 (tribromomethanesulfonyl benzene), 1 0 kg of 20% by mass aqueous solution of modified polyvinyl alcohol 
(Poval MP203 made by Kuraray Co., Ltd.) and 0.4 kg of 20% by mass aqueous solution of sodium triisopropyl naph- 
thalene sulfonate. The slurry was sent with a diaphragm pump and, after dispersing for 5 hours using a horizontal sand 
mill (UVM-2 made by Imex Co.) filled with zirconia beads with an average diameter of 0.5 mm, the concentration of 

10 the organic polyhalogen compound was adjusted to 26% by mass by adding 0.2 g of sodium benzoisothiazolinone and 
water; thereby obtaining the organic polyhalogen compound-1 dispersion. The organic polyhalogen compound particles 
contained in the organic polyhalogen compound dispersion had a median diameter of 0.41 uin and a maximum particle 
diameter of 2.0 ujti. The organic polyhalogen compound dispersion obtained was filtered with a polypropylene filter 
with a pore diameter of 10.0 jim to remove foreign substances such as dusts. 

15 

«Preparation of organic polyhalogen compound-2 dispersion» 

[0478] A slurry was obtained by adding with trough mixing 10 kg of the organic polyhalogen compound-2 (N-butyl- 
3-tribromomethanesulfonyl benzamide), 20 kg of 10% by mass aqueous solution of modified polyvinyl alcohol (Poval 
20 MP203 made by Kuraray Co., Ltd.) and 0.4 kg of 20% by mass aqueous solution of sodium triisopropyl naphthalene 
sulfonate. The slurry was sent with a diaphragm pump and, after dispersing for 5 hours using a horizontal sand mill 
(UVM-2 made by Imex Co.) filled with zirconia beads with an average diameter of 0.5 mm, the concentration of the 
organic polyhalogen compound was adjusted to 30% by mass by adding 0.2 g of sodium benzoisothiazolinone and 
water. The dispersion solution was warmed at 40°C for 5 hours, thereby obtaining the organic polyhalogen compound- 
's 2 dispersion. The organic polyhalogen compound particles contained in the organic polyhalogen compound dispersion 
had a median diameter of 0.40 u.m and a maximum particle diameter of 1 .3 u.m. The organic polyhalogen compound 
dispersion obtained was filtered with a polypropylene filter with a pore diameter of 3.0 u.m to remove foreign substances 
such as dusts. 

30 «Preparation of phthalazine compound-1 solution» 

[0479] Dissolved into 1 74.57 kg of water was 8 kg of modified polyvinyl alcohol (MP203 made by Kuraray Co., Ltd.), 
followed by adding 3.15 kg of 20% by mass aqueous solution of sodium triisopropyl naphthalene sulfonate and 14.28 
kg of~70% by mass aqueous solution of phthalazine compound-1 (6-isopropyl phthalazine), thereby preparing 5% by 
35 mass.aqueous solution of the phthalazine compound-1 . 

(Preparation of mercapto compound) 

«Preparation of aqueous mercapto compound-1 solution)» 

40 

[0480] A 0.7% by mass aqueous solution was prepared by dissolving 7 g of the mercapto compopund-1 (sodium 
1-(3-sulfophenyl)-5-mercaptotetrazole) in 993 g of water. 

«Preparation of aqueous mercapto compound-2 solution» 

45 

[0481] A 2.0% by mass aqueous solution was prepared by dissolving 20 g of the mercapto compopund-2 (sodium 
1 -(3-methylureide)-5-mercaptotetrazole) in 980 g of water. p. 

« Preparation of pigment-1 dispersion» 

50 i 

[0482] A slurry was prepared by adding with thorough mixing 64 g of C. I. Pigment blue 60, 6.4 g of Demol N(made 
by Kao Corporation) and 250 g of water. The mixture was placed in a vessel together with 800 g of zirconia beads with 
an average diameter of 0.5 mm, and dispersed for 25 hours in a dispersing apparatus (1/4G sand grinder mill made 
by Imex Co.) to obtain the pigmenM dispersion. The pigment particles contained in the pigment-1 dispersion thus 
55 obtained had an average particle diameter of 0.21 u.m. 
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[0483] SBR latex with Tg of 22°C was prepared as follows. 

[0484] After emulsion polymerization of 70.0% by mass of styrene, 27.0% by mass of butadiene and 3 0% by mass 
of acrylic acid using ammonium persulfate as a polymerization initiator and an anionic surfactant as a emulsifyinq 
agent, the product was aged at 80°C for 8 hours. The product was cooled to 40°C thereafter, pH was adjusted to 7 0 
with aqueous ammonia, and Sundet BL (made by Sanyo Chemical Industries Ltd.) was added to a proportion of 0 22% 
Then, pH was adjusted to 8.3 by adding 5% aqueous sodium hydroxide solution with additional pH adjustment to 8 4 
with aqueous ammonia. The molar ratio between the Na+ ion and NH 4 + ion used was 1 :2.3. Subsequently 0 15 ml of 
7/o aqueous solution of sodium benzoisothiazolinone was added to 1 kg of the solution, thereby preparing the SBR 
latex solution. (SBR latex: -St(70.0)-Bu(27.0)-AA(3.0) latex) 

Tg - 22°C; average particle diameter - 0.1 urn; equilibrium moisture content at 25°C and 60% RH - 0 6% by mass- 
ionic conductivity - 4.2 mS/cm (the ionic conductance of the neat latex solution (43% by mass) was measured at 25"C 
using a conductivity meter CM-30S made by DKK-TOA Corporation); pH 8.4 
'5 [0485] The SBR latex having a different proportion of styrene and butadiene may be prepared by the same method 
by appropriately changing the proportion. 

«Preparation of emulsion layer (photosensitive layer) application fluid-1» 

20 [0486] Sequentially added were 1 000 g of the fatty acid silver salt dispersion obtained above, 276 ml of water 33 2 
g of the pigment-1 dispersion, 21 g of the organic polyhalogen compound-1 dispersion, 58 g of the organic polyhaiogen 
compound-2 dispersion, 1 73 g of the phthalazine compound-1 dispersion, 1 082 g of the SBR latex (Tg 22°C) solution 
299 g of the reduc.ng agent-1 dispersion, 6 g of the development acceleratore-1 dispersion, 9 ml of the mercapto 
compound-1 solution and 27 ml of the mercapto compound-2 solution. The emulsion layer application fluid prepared 
by adding 1 1 7 g of the silver halide mixed emulsion A immediately before application with thorough stirring was directlv 
sent to a coating die for application. 

[0487] The viscosity of the emulsion layer application fluid was measured with a B-type viscometer made by Tokyo 
Instrument Co., obtaining a viscosity of 25 mPa-s at 40°C (No. 1 rotor, 60 rpm). 

[0488] The viscosity of the application fluid measured at 25°C using RFS Fluid Spectrometer made by Rheometrix 

r™f St -?°" W3S 23 °' 60, 46 ' 24 a " d 20 (mPa s) at shear s P eed °f 0.1. 1, 10. 100 and 1000 (1/sec). respectively. 
[0489] The content of zirconium per 1 g of silver in the application fluid was 0.38 mg. 

«Preparation of emulsion layer (photosensitive layer) application fluid-» 

as [0490] Sequentially added were 1 000 g of the fatty acid silver salt dispersion obtained above, 276 ml of water 32 8 
g of the pigment-1 dispersion, 21 g of the organic polyhalogen compound-1 dispersion, 58 g of the organic polyhaiogen 
compound-2 dispersion, 1 73 g of the phthalazine compound-1 dispersion, 1 082 g of the SBR latex (Tg 20°C) solution 
155 g of the reducing agent-2 dispersion, 55 gof the hydrogen bonding compound-1 dispersion, 6 g of the development 
acceleratore-1 dispersion, 2 g of the development accelerator-2 dispersion, 3 g of the development accelerator-3 dis- 
persion, 2 g of the color control agent-1 dispersion and 6 ml of the aqueous mercapto compound-2 solution The 
emulsion layer application fluid prepared by adding 117 g of the silver halide mixed emulsion A immediately before 
application with thorough stirring was directly sent to a coating die for application. 

[0491] The viscosity of the emulsion layer application fluid was measured with a B-type viscometer made by Tokyo 
Instrument Co., obtaining a viscosity of 40 mPa-s at 40°C (No. 1 rotor, 60 rpm). 
45 L° 49 f 1 I he viscosity of the a PP>ication fluid measured at 25°C using RFS Fluid Spectrometer made by Rheometrix 

r™f St £°-' W3S 53 °' 144, 96, 51 and 28 (mPa ' s) at shear SDeed of 0.1 , 1 , 10. 100 and 1 000 (1/sec), respectively. 
[0493] The content of zirconium per 1 g of silver in the application fluid was 0.25 mg. 

«Preparation of application fluid of emulsion face intermediate layer» 

[0494] Added into 1 000 g of polyvinyl alcohol PVA-205 (made by Kuraray Co.), 272 g of 5% by mass dispersion of 
a pigment and 4200 ml of 19% by mass solution of methyl methacrylate/styrene/butyl acrylate/hydroxyethyl methacr- 
ylate/acrylic acid copolymer latex (copolymerization ratio 64/9/20/5/2) were 27 ml of 5% by mass aqueous solution of 
3 T S 1 T (made by American Cvanamid Co.) and 1 35 ml of 20% by mass aq ueous solution of diammonium phthalate 
with addition of water to a total weight of 10000g. The solution was adjusted to pH 7.5 with NaOH and was sent to a 
coating die at an area density of 9.1 ml/m 2 . 

[0495] The viscosity of the application fluid was 58 mPa-s at 40°C as measured with a B-type viscometer (No 1 
rotor, 60 rpm). 
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« Preparation of application fluid of emulsion face protective first layer» 

[0496] Dissolved was 64 g of inert gelatin, and 80 g of 27.5% by mass solution of methyl methacrylate/styrene/butyl 
acrylate/hydroxyethyl meth aery I ate/acrylic acid copolymer latex (copolymerization ratio 64/9/20/5/2), 23 ml of 10% by 
mass methanol solution of phthalic acid, 23 ml of 10% by mass aqueous solution of 4-methyl phthalic acid, 28 ml of 
0.5 mol/L sulfuric acid, 5 ml of 5% by mass of aqueous solution of aerosol OT (made by American Cyanamid Co.), 0.5 
g of phenoxy ethanol and 0.1 g of benzoisothiazolinone were added with addition of water to a total weight of 750g. A 
solution of 4% by mass of chromium alum (26 ml) was added and mixed with a static mixer immediately before appli- 
cation, and this solution was sent to a coating die in a area density of 18.6 ml/m 2 . 

[0497] The viscosity of the application fluid was 20 mPa-s at 40°C as measured with a B-type viscometer (No. 1 
rotor, 60 rpm). 



«Preparation of application fluid of emulsion face protective second layer» 

is [0498] Dissolved was 80 g of inert gelatin, and 1 02 g of 27.5% by mass solution of methyl methacrylate/styrene/butyl 
acrylate/hydroxyethyl meth aery I ate/acrylic acid copolymer latex (copolymerization ratio 64/9/20/5/2), 3,2 ml of 5% by 
mass solution of the fluorine based surfactant (F-1 : N-perfluorooctylsulfonyl-N-propylalanine potassium salt), 32 ml of 
2% by mass solution of the fluorine based surfactant (F-2: polyethyleneglycol mono(N-perf luorooctylsulfonyl-N-propyl- 
2-aminoethyl)ether [mean degree of polymerization of ethylene oxide =15]), 23 ml of 5% by mass of aqueous solution 

20 of aerosol OT (made by American Cyanamid Co.), 4 g of polymethyl methacrylate fine particles (average particle 
diameter 0.7 u.m), 21 g of polymethyl methacrylate fine particles (average particle diameter 4.5 p.m), 1 .6 g of 4-methyl 
phthalic acid, 4.8 g of phthalic acid, 44 ml of 0.5 mol/L sulfuric acid, and 1 0 mg of benzoisothiazolinone were added 
with addition of water to a total weight of 650g. An aqueous solution (455ml) containing 4% by mass of chromium alum 
and 0.67% by mass of phthalic acid were added and mixed with a static mixer immediately before application, and this 

25 solution was sent to a coating die in a area density of 8.3 ml/m 2 . 

[0499] The viscosity of the application fluid was 19 mPa-s at 40°C as measured with a B-type viscometer (No. 1 
rotor, 60 rpm). 
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« Preparation of heat developable photosensitive materials 1 A to 1 J» ;:. 

[0500] Simultaneously applied were the anti-halation layer application fluid and application fluid of the back face 
protective layer on the back face side of the undercoat substrate, so that the amounts of application of gelatin become 
0.44 g/m 2 and 1 .7 g/m 2 , respectively. The application layers were dried to from the back layers. 
[0501] The emulsion layer, intermediate layer, protective first layer and protective second layer were simultaneously 
coated in this order by a slide beads application method to form the samples of the heat developable photosensitive 
materials. The temperatures were adjusted at 31 °C for the emulsion layer and intermediate layer, at 36°C for the 
protective first layer, and at 37°C for the protective second layer. 

0502] The amount of application (g/m 2 ) of each compound in the emulsion layer was as follows: 

organic acid silvers A-J (as Ag) 1 .34 
pigment (C. I. Pigment Blue 60) 0.036 
polyhalogen compound?! 0.12 
polyhatogen compound-2 0.37 
phthalazine compound-1 0.19 
SBR latex 9.67 
reducing agent complex-1 1 .41 
development accelerator-1 0.024 
mercapto compound-1 0.002 
mercapto compound-2 0.012 



silver halide (as Ag) 



0.091 



0503] The application and drying conditions are as follows: 

0504] The application speed was 160 m/min; the space between the tip of the coating die and the substrate was 
0. 1 0 to 0 .30 mm; and the pressure of the vacuum chamber was set 1 96 to 882 Pa lower than the atmospheric pressure. 
Electrification of the substrate was removed by ion blowing before application. 

[0505] The application fluid on the substrate was cooled with an air ftow at a dry bulb temperature of 10 to 20°C in 
the chilling zone. The substrate was transferred by non-contact convey method, dried in a coil type non-contact drying 
chamber, and was dried with a dry air flow at a dry bulb temperature of 23 to 45°C and wet bulb temperature of 15 to 
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21°C. 

[0506] After drying and humidity control at 40 to 60% RH, the surface of the substrate was heated at 70 to 90°C 
followed by cooling the surface of the substrate at 25°C. 

[0507] The degree of matting of the heat developable image recording material prepared was 550 second and 1 30 
second for the photosensitive layer side and back face side, respectively as Beck smoothness. The pH value of the 
film surface at the photosensitive layer side was 6.0. 

«Preparation of heat developable photosensitive material 2A to 2J» 

[0508] The heat developable photosensitive material-2 was prepared by the same method as preparing the heat 
developable photosensitive materiaM , except that the emulsion layer application fluid-1 was changed to the emulsion 
layer application fiuid-2, the yellow dye compound-1 was eliminated from the halation preventive layer, and the fluorine 
based surfactants on the back face protective layer and emulsion face protective layer were changed from F-1 F-2 
F-3 and F-4 to F-5, F-6, F-7 and F-8. * ' 

[0509] The amount of application (g/m*) of each compound in the emulsion layer was as follows: 

organic acid silvers A-J (as Ag) 1 .34 
pigment (C. I. Pigment Blue 60) 0.036 
polyhalogen compound-1 0.12 
polyhalogen compound-2 0.37 
phthalazine compound-1 0.19 
SBR latex 9.67 
reducing agent-2 0.81 
hydrogen bonding compound-1 0.30 
development accelerator- 1 0.024 
development accelerator-2 0.010 
development accelerator-3 0.01 5 
color controlling agent-1 0.01 0 
mercapto compound-2 0.002 
silver halide (as Ag) 0.091 

[051 0] The chemical structures of the compounds used in the examples of the invention in the third aspect are shown 
below: 



Spectral Sensitization Dye A 



^OC^ ch " ch= ^- ch= CC, 



^ ^ r ^ N ^CH 2 COOH 
45 C 8 H 17 O 
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Sensitization Dye B 
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CH 3 



)=CH-CH=C-CH=<' T 



10 <c > f v CH 2 COOH 

C 8 H 17 O 



Tellurium sensitizer C 



CHg CH3 



Base Precursor Compound-1 



c 2 h 5 -n; X-c 2 h : 



H H 

[ SO a -^~^— SO a CH 2 COo' ] 
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Blue Dye Compound-1 
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Yellow Dye Compound-1 
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40 (Reducing Agent Complex-1) 
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(Reducing Agent-2) 



(Hydrogen Bonding Compound-1) 
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(Polyhalogen Compound-1) (Polyhalogen Compound-2) 

CONHC4H9 

^S0 2 CBr 3 (Ql 



a. 



(Mercapto Compound-1) (Mercapto Compound-2) 




S0 3 Na 



N-N 



"NHCONHCH, 
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(Phthalazine Compound-1) (Development Accelera tor-1 ) 



NHNHCONH— \^ I 
^^^N CF 3 
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(Color Control Agent-1) 





CH 2 -a ))— OH 



(F-l) 



C 8 Fi7S0 2 -N-CH2COOK 
C3H 7 (n) 



(F-2) 



QFjTSOz-N-CHjCHzOfCHzCHzO^H 

n= 1 5 (Average ) 



<F-3) 



C 8 F l7 S0 2 — NfCH 2 CH 2 O^CH 2 CH 2 CH 2 CH 2 S0 3 Na 
C 3 H 7 (n) 



(F-4) C 8 F 17 S0 3 K 
(F-5) CF 3 (CF 2 )nCH 2 CH 2 SCH 2 CH 2 COOU 
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n = 5—11 Mixture 

(F-6) CF 3 (CF 2 )nCH 2 CH 2 0(CH 2 CH 2 0)mH 
n=5~11 , m=5~15 Mixture 
(F-7) 



CH 2 COOC fi H 17 
Na0jS ^CHCOOCH 2 CH 2 C 4 F 9 



(F-8) 

CH2COOCH2CH2C4F9 

20 Na 0 3 S--CHCOOCH 2 CH 2 C4F 9 



(Evaluation of photographic performance) 

25 

[0511] The samples obtained were cut into a half-size, and packaged in the following package material under an 
environment of 25°C and 50% RH. The samples were evaluated as follows after preservation at room temperature for 
two weeks. 

30 (Package material) 

[0512] PET 10 uj-n/PE 12 u.m/aluminum foil 9 u.m/polyethylene containing 3% carbon 50u.m; oxygen permeability: 
0.02 ml/atm m 2 -25°C day; moisture permeability 0.10 g/atm-m 2 -25°C-day 

[0513] The heat developable image recording materials were exposed and heat-developed (using four panel heaters 
35 with a hating program of 1 1 2°C, 1 1 9°C, 1 21 °C, and 1 21 °C for 24 seconds in total for the heat developable photosen- 
sitive material-1 , 14 seconds in total for the heat developable photosensitive material-2) using Fuji Medical Dry laser 
Imager FM-DP L (equipped with a semiconductor laser with a maximum output energy 60 mW (IIIB)). The images 
obtained was evaluated with a densitometer. The sensitivity is indicated by relative values by taking the sensitivity of 
the heat developable photosensitive material 1D as 100. 

40 

(Evaluation of image preservative property 1) 

[0514] The heat developable dried material after development was hung for 8 hours on a hanger illuminated with a 
light of a luminance of 1000 Lux in an environment of 25°C and 60% RH. The photographic property was evaluated 
45 by changes of D min thereafter measured by a densitometer. No change of the image density was evaluated as 100, 
and a change of doubled density was evaluated as 200. The results are shown in Table 14. 

(Evaluation of image preservative property 2) 

so [0515] The heat developable dried material after development was hung for 10 minutes on a hanger illuminated with 
a light of a luminance of 1 000 Lux in an environment of 25°C and 60% RH, was sealed in a moisture proof-light shielding 
bag, and allowed to stand still for 3 days at 60°C. The photographic property was evaluated by changes of D min there- 
after measured by a densitometer. The image was evaluated by the rate of change before hanging on the hunger and 
after standing for three days. No change of the image was evaluated as 100, and a change of doubled density was 

55 evaluated as 200. The results are shown in Table 14. 
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Sensitivity was relatively evaluated by taking 1D as 100. 

[0516] The values of "a", "b« and V were defined in the order of the shorter edge length when the shape of the 
ep.doblast C organic acid silver salt particle is approximated by a parallelepiped under an electron microscope. 
[0517] The eqmvalent-circle diameter as well as the size variation coefficient were measured using a diffraction 
particle size analyzer "SALD-2000J- made by Shimadzu Co. 

[0518] The results shown in Table 14 clearly shows that a heat developable photosensitive material compatible both 
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in sensitivity and image preservative property can be obtained by using a proper amount of erucic acid. 

[0519] Accordingly, the invention provides a heat developable photosensitive material with small increase of fog by 

heat and light after development while requiring no cautions against light and heat in handling. 



Claims 

1 . A heat developable image recording material comprising a photosensitive silver halide, a reducing agent for silver 
ions, a binder and non-photosensitive organic silver salt particles on one side of the surface of a substrate, wherein 
a content of silver behenate in the non-photosensitive organic silver salt particles is 90 mol% to 100 mol%, and at 
least one kind of mercapto compound is contained in the surface of the substrate at the same side as a layer 
having the photosensitive silver halide. 

2. The heat developable image recording material according to claim 1 , wherein at least one kind of the mercapto 
compound is contained in the layer containing photosensitive silver halide. 

3. The heat developable image recording material according to claim 1, wherein the at least one kind of mercapto 
compound is represented by the following general formula (1): 



N-N 




wherein, in the general formula (1), R represents a hydrogen atom, an alkyl group, an aralkyl group, an alkoxy 
group, an alkyl- or aryl- substituted amino group, an amide group, a sulfonamide group, a ureide group, a urethane 
group, an aryloxy group, a sulfamoyl group, a carbamoyl group, an aryl group, an alkylthio group, an arylthio group, 
a hydroxyl group, an alkylcarbonyl group, a halogen atom, a cyano group or a phosphoramide group. 

4. The heat developable image recording material according to claim 1 , wherein the content of silver behenate in the 
non-photosensitive organic silver salt particles is 94 mol% to 100 mol%. 

5. The heat developable image recording material according to claim 1 , wherein the content of silver behenate in the 
non-photosensitive organic silver salt particles is 96 mol% to 100 mol%. 

6. The heat developable image recording material according to claim 1 , wherein a content of silver stearate in the 
non-photosensitive organic silver salt particles is 1 mol% . 

7. The heat developable image recording material according to claim 1 , wherein a content of silver arachidinate in 
the non-photosensitive organic silver salt particles is 6 mol%. 

8. The heat developable image recording material according to claim 1 , wherein the reducing agent for silver ions is 
represented by the following general formula (2): 
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where.n.in the general formula (2), R« and R"' each independently represent an alky! group with a carbon number 
of 1 to 20; R and R 12 each independently represent a hydrogen atom or a substituent capable of substituting to 
a benzene ring; L represents a -S- group or -CHR13. group; R 13 represents a hydrogen atom or an alkyl group 
with a carbon number of 1 to 20; and X and X' each independently represent a hydrogen atom or a substituent 
capable of substituting to a benzene ring. 

9. The heat developable image recording material according to claim 1 , wherein the non-photosensitive organic silver 
salt particles are prepared by adding a solution containing silver ions and a solution of an organic acid alkali metal 
salt or suspension thereof into sealed mixing means. 

1 0. The heat developable image recording material according to claim 1 , wherein the non-photosensitive organic silver 
salt particles are desalted by an ultrafiltration method. 

A heat developable photosensitive material comprising a photosensitive silver halide, a reducing agent for silver 
ions, a binder and non-photosensitive organic silver salt particles on one side of the surface of a substrate, wherein 
a content of silver behenate in the non-photosensitive organic silver salt particles is 90 mol% to 100 mol%, the 
photosensitive material comprising a compound represented by the following general formula (3) : 



11. 
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R 22 
R 21 -j*-R 23 
O 

wherein, in the general formula (3), R2i, R22 and R23 saC h independently represent a substituted or non-substituted 
alkyl group, aryl group, alkoxy group, aryloxy group, amino group or heterocyclic group; and, when any of the 
substituent when any of R21, R 22 and R23 have a subst ituent, the substituent comprises a halogen atom, an alkyl 
group, an aryl group, an alkoxy group, an amino group, an acyl group, an acyloxy group, an alkylthio group an 
arylthio group, a sulfonamide group, an acyloxy group, an oxycarbonyl group, a carbamoyl group, a sulfamoyl 
group, a sulfonyl group or a phosphoryl group. 

12. The heat developable photosensitive material according to claim 11, wherein a content of silver stearate in the 
non-photosensitive organic silver salt particles is 1 mol%. 

13. The heat developable photosensitive material according to claim 11 , wherein a content of silver arachidate in the 
non-photosensitive organic silver salt particles is 6 mol%. 
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14. The heat developable photosensitive material according to claim 11, wherein a content of silver behenate is 95 
mol%to 100 mol%. 

15. The heat developable photosensitive material according to claim 11 , wherein the content of silver behenate is 97 
5 mol%to 100mol%. 

16. The heat developable photosensitive material according to claim 11 , wherein the non-photosensitive organic silver 
salt particles are prepared at a reaction temperature of 60°C. 

10 1 7. The heat developable photosensitive material according to claim 11 , wherein the non-photosensitive organic silver 
salt particles are prepared by adding a silver nitrate solution, and a solution of an organic acid alkali metal salt or 
suspension thereof into a sealed mixing vessel. 

18. The heat developable photosensitive material according to claim 11 , wherein the non-photosensitive organic silver 
15 salt particles are desalted by an ultrafiltration method. 

19. A heat developable photosensitive material comprising a photosensitive silver halide, a reducing agent for silver 
Ions, a binder and non-photosensitive organic silver salt particles on one side of the surface of a substrate, wherein 
the non-photosensitive organic silver salt particles are prepared from organic acids including at least behenic acid 

20 and erucic acid, and a content of the erucic acid is 0.000001 mol% to 0.4 mol% relative to the behenic acid. 

20. The heat developable photosensitive material according to claim 19, wherein the content of the erucic acid is 
0.00001 mol%to0.1 mol% relative to the behenic acid. 

25 21. The heat developable photosensitive material according to claim 19, wherein a content of the behenic acid is 50 
mol% to 99.99 mol% relative to the organic acids. 

22. The heat developable photosensitive material according to claim 19, wherein a content of the behenic acid is 90 
mol% to99.99 mol% relative to the organic acids. :x 

30 

23. The heat developable photosensitive material according to claim 19, wherein a content of the behenic acid is 95 
mol% to 99.99 mol% relative to the organic acids. 

jr 

24. The heat developable photosensitive material according to claim 1 9, wherein an amount of silver contained in the 
35 heat developable photosensitive material is 0.1 g/m 2 to 5.0 g/m 2 as measured on the basis of amount of silver 

atoms. 
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